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Go to Chapter 3

2-A General
This section provides an overview of a wide range of pumping stations, pointing out the principal
features of each design but leaving more detail to be presented in later sections.

Construction contract drawings have been reproduced in simplified form to illustrate the main
design features. Photographs of actual stations are included whenever possible. Readers not
familiar with pump terminology may wish to review Chapter 8 - Pumping and Discharge
Systems, and Chapter 9 - Pumps for Stormwater Applications, before reading this section.

2-B Dry-Pit Example
(Horizontal centrifugal pumps with electric motors, based on criteria developed by the State of
California)

To drain a typical depressed highway section, a large collecting chamber or storage box is
constructed beneath the pavement adjacent to the station. Water enters the storage box through
gratings in the median or shoulder. Storage can be augmented if necessary by longitudinal drain
lines. The storage box forms the wet-well and incorporates a sand trap at the low end.

A vertical dry-well, approximately square in plan, is set in the side slope of the highway section.
Two or three horizontal non-clog centrifugal pumps in the dry-well take suction from the wet-well
through connecting piping. Discharge piping runs vertically up the inside of the dry-well, then
horizontally to a receiving channel. (Figure 2-1, Figure 2-3 and Figure 2-7)

This design maximizes storage and minimizes pumping capacity, with a typical station having
5000-8000 gpm (11-18 cfs) discharge. Operating head is typically about 35 feet. (Figure 2-2)

Pumps are electrically-powered. A trailer-mounted diesel emergency generator can be moved to
any station which has lost electrical power. In some instances, the emergency generator is
garaged in the station superstructure. (Figure 2-4)

The use of horizontal centrifugal pumps in a dry-pit has been adopted in preference to prior use
of vertical pumps in a wet-pit. Adoption of the storage box feature preceded the change in type
of pumps.

2-C Dry-Pit Example



(Vertical centrifugal angle-flow pumps with electric motors, based on data submitted by the State
of Ohio)

For this particular example, pumping capacity totaling 277 cfs is provided by four main pumps,
each of 67 cfs capacity and one low-flow pump of 9 cfs capacity. The operating head is 55 feet,
which is a much greater head than normally encountered in highway stormwater pumping
applications.

All five pumps are housed in the lower part of the dry-pit. The pump room floor is 25 feet below
the motor-room floor which is at grade. The low-flow pump is set about five feet lower than the
main pumps. The vertical motors for all pumps are set above the motor room floor and
connected by vertical shafting to the pumps. Stormwater enters the wet-well through a grit
chamber and trash screen. Due to the discharge piping arrangement, with all pumps discharging
into a common manifold, a check valve must be provided on the discharge side of each pump to
prevent backflow through the pump into the wet-well when the pump is not operating. In this
case the check feature is provided by a pump control valve. Each pump starts against a closed
control valve which then opens slowly to allow discharge into the manifold without causing surge
or water-hammer. The control valve closes slowly before the pump is stopped, protecting the
discharge system. Shut-off (butterfly) valves are provided on each side of each pump so that the
pump or control valve can be dismantled or removed for maintenance without water entering the
dry-well.

Motors for the main pumps were specified to be a minimum of 450 horsepower and the power
supply is at 2,400 volts. Total connected load approximates 2,000 horsepower.

Due to the depth of the structure, massive concrete walls are necessary for this type of station;
the underside of the wet-well is 38 feet below the motor-room floor at grade. The motor room is
44 feet by 29 feet on plan, with walls 17 feet high. An overhead crane is provided. (Figure 2-5
and Figure 2-6)

A simpler manifolding is used in one of the wet-pit type stations where small submersible pumps
are used (Figure 2-26). Other illustrations of manifolds occur in Chapter 6 - Wet-Pit Design; and
in Section 8 - Pumping and Discharge Systems. The expense of manifolds and valving should
be compared with the cost of using multiple discharge lines, one for each pump. Alternately,
there may be economy in the simplicity of pumping the water to the top of a vertical standpipe
open to the atmosphere so that gravity head will cause flow in the discharge line.

2-D Wet-Pit Example
(Circular caisson, multiple vertical pumps with electric motors, based on criteria developed by
the State of Michigan)

In the typical case, storm drain lines lead to a concrete caisson-type pit structure, circular in
plan, which is set in the side slope of the depressed highway section. The method of
construction is to pour the circular exterior wall of the pit structure in successive lifts, excavating
inside so that the caisson sinks gradually to its desired elevation. Internal concrete work is then
completed.

Three to five vertical pumps are set in a circular pattern concentric with the structure. Pumps



may be of propeller or mixed flow type according to discharge head, with capacity depending
upon inflow. All pumps are normally of the same capacity and head. Ample submergence of
pumps is maintained in the stormwater at the bottom of the pit. The pit is not pumped dry during
normal operation. All pumps are powered by electric motors with dual service, in some cases
from two different utility companies. In two special cases, the same configuration is used for a
larger station for airport drainage, and for a very large (350 cfs) station draining several miles of
depressed freeway. (See Figure 2-8, Figure 2-9 and Figure 2-10 for the usual size of station,
Figure 2-11 through Figure 2-14 for the large stations.) 

2-E Wet-Pit Example
(Circular caisson, two vertical pumps with combination drive - electric motors and engines,
based on criteria developed by the State of Texas)

Downstream of conventional tributary drain lines, a circular concrete caisson-type substructure
is used as the wet-pit with two vertical pumps of the same capacity set approximately on the
diameter. The inlet to the station includes a baffle which causes the flow to bifurcate, and each
pump sits in a separate chamber with ample submergence. Each pump has an electric motor
with combination gear drive and natural-gas engine. This permits either the motor or the engine
to be used to drive the pump at any time. An effective standardization has been achieved by
limiting station designs to increments of 4,000 gpm (8.92 cfs).

A rectangular concrete superstructure is offset from the caisson sub-structure to house the
equipment while providing proper minimum clearance. Roof hatches are provided for removal of
motors, gears and pumps, while low-headroom hoisting equipment is provided for trash removal
and engine maintenance. (Figure 2-15, Figure 2-16, and Figure 2-17)

2-F Wet-Pit Example
(Rectangular plot with inlet transition, multiple vertical pumps with electric motors or engines,
based on criteria developed by the Los Angeles County Flood Control District)

The rectangular wet pit receives inflow from the inlet drain line through a transition structure,
designed to reduce velocities and turbulence and provide an even flow of water to the pumps.
The wet pit, transition and pump spacing are carefully proportioned in accordance with the
Hydraulics Institute recommendations. The pit is of minimum depth to reduce construction cost.
Vertical pumps, usually of two or more sizes, are set close to the back wall of the wet pit with the
minimum submergence for satisfactory operation. Suction umbrellas on the pump bells reduce
the submergence requirement.

Pumps are all driven by electric motors in some stations; however, a combination of natural-gas
engines and electric motors is preferred, with major dependence being placed on the engines.
LPG stand-by is provided in the latter case. Some stations have one or two of their pumps
powered by a combination electric motor and engine drive.

Operating criteria call for stations to be pumped dry between storms utilizing a separate
electrically-powered submersible sump-pump. Mud and debris, which settles out of the inflow
due to reduction in velocity, is periodically removed by maintenance forces.

Discharge heads of various stations differ considerably; propeller-type pumps are provided for



low heads, while mixed flow pumps are required for higher heads. Outline drawings of a small
electrically powered station with low discharge head are shown in Figure 2-18 and Figure 2-19.
A special feature of this station is its low profile (less than 5 feet) above the sidewalk for
aesthetic reasons, and discharge into adjacent tidewater in a residential district. Comprehensive
calculations and detailed drawings for a natural-gas engine powered station of higher capacity
and discharge head are given in Chapter 15 - Station Design Calculations and Layouts.

2-G Wet-Pit Examples
(Circular pit, two or three vertical pumps with engines, based on criteria developed by the
State of Arizona)

A circular pit or caisson is constructed adjacent to the freeway, usually on the far side of an
access ramp or frontage road and near a surface street overpass. The motor room floor is at the
level of the surface street and thus twenty feet or more above the freeway pavement. Normally,
two vertical pumps of the same capacity are suspended into the pit. Each pump has a
natural-gas engine driving it through a right-angle gear drive. In larger stations, three
engine-driven pumps, all of the same capacity, are used. When the discharge line is of
considerable length, the discharge of each individual pump has been combined through a
manifold into a single line. Electric-motor driven pumps are not used, but a small submersible
electric pump is utilized for low flows and draining the pump pit.

A rectangular concrete block building houses the engines and gear drives to the pumps. It is not
considered necessary to include overhead cranes or lifting devices of any sort in the station
structures: therefore the size of the building can be reduced. A supply of propane is stored in a
nearby enclosure, making the station self-sufficient. Where stations are constructed in open-cut
excavations, rectangular pit construction can be substituted for caisson construction. (Figure
2-20 to Figure 2-23, in Chapter 3, Figure 3-7 and Figure 3-8, and in Chapter 6, Figure 6-7.)

2-H Wet-Pit Example
(Rectangular structure, two or more screw-type pumps, with electric motors, based on
contract documents submitted by the State of Connecticut)

Two or more screw-type pumps are mounted in a simple sloping concrete structure which
receives inflow from tributary drain lines through a trash rack. The pumps are powered by
electric motors with a diesel engine emergency generator for backup.

The screw-type pump is suitable for stormwater applications, although its use has not been
extensive. The operation of the screw is not influenced by the height of water in the sump, and it
cannot be clogged by debris. The screw operates at relatively good efficiency, but the head is
limited by the permissible length of screw between bearings. Screws are manufactured in a
range of diameters from 12" to 108" and can be installed in parallel to meet flow conditions.
(Figure 2-24 and Figure 2-25.)



2-J Wet-Pit Examples
(Circular caisson or rectangular pit with two or more submersible pumps, based on data
submitted by the States of Kentucky, Florida and Michigan, and by pump manufacturers)

Submersible pumps suitable for stormwater pumping usually consist of an electric motor with
vertical shaft which is mounted above and directly coupled to a centrifugal pump. The pump
construction is the non-clog type which will readily pass small solids and debris. The combined
pump and motor are set at or near the bottom of the wet-pit, and operate completely submerged
until the motor becomes exposed to atmosphere as the pit is emptied. In a typical application,
two to five submersible pumps are set in a circular concrete caisson or rectangular concrete
wet-well. A minimum superstructure is provided to house electrical switch gear and controls.
Pumps can be raised out of the water for inspection or maintenance.

New, larger submersible pumps with capacities of 15,000 gpm (33.5 cfs) or more have recently
become available. These can readily operate at the heads usually encountered in stormwater
pumping. Therefore this type of station is an interesting and potentially low-cost alternate. An
emergency generator or dual service can be utilized, also a spare pump may be held available
for replacement where justifiable.

Figure 2-26 and Figure 2-27 illustrate a small station with two small pumps for low flows and two
larger pumps set at higher elevation to handle flows of maximum design quantity. Figure 2-28
shows a deep caisson-type wet-pit in the State of Michigan, with five pumps of equal capacity. In
this case, the pumps are set at different elevations, the two at the lower elevation to handle low
flows without the upper level pumps becoming submerged. Since all pumps are identical, they
can be interchanged to equalize usage.

Figure 2-29 shows the use of horizontal propeller-type submersible pumps. The details shown
are adapted from manufacturers' literature and do not illustrate actual construction. Each unit
may be flange bolted to the discharge line or may be provided with lifting chain and guide rails
with beltless connecting flange. The discharge line can be sloped up as necessary to meet the
required outlet elevation. The propeller blades are adjustable to meet discharge head
requirements, and the pump is provided with an intake hood covering the upper half of the
periphery, to reduce turbulence and provide low water pump-down. The horizontal submersible
pump has not been widely used, but there is an installation at San Jacinto Battleground State
Park, Texas.



Figure 2-1. Dry-Pit Pump Station



Dimensions and elevations shown are for a particular case and may be varied to
suit.  

Two or three motors and pumps may be installed. Forced ventilation of pit is
provided, with four air changes per hour when occupied, preceded by ten
minutes free purge before entering, to meet O.S.H.A. requirements. Sump pump
is sized to handle only the minor flows resulting from pump packing-gland
leakage, dismantling of piping during maintenance or unplanned seepage into
the station.

Figure 2-2. Section Through Storage Box and Dry-Pit Pump Station
Dimensions and elevations shown are for a particular case and may be varied to
suit.



Figure 2-3. Plan of Dry-Pit Pump Station with Storage Box
Figure 2-1 through Figure 2-4 have been reproduced from drawings furnished
by the state of California.



Figure 2-4. Dry-Pit Pump Station Superstructure Incorporating Emergency Generator
Vertical centrifugal Angl-flow pumps with electric motors, based on data
submitted by the state of Ohio.



Figure 2-5. Section Through Dry-Pit Pump Station
Data furnished by state of Ohio for station at Columbus



Figure 2-6. Lower Plan of Dry-Pit Station



Dimensions shown are for a particular case and may be varied to suit
Columbus, Ohio.

Figure 2-7. Dry-Pit Pump Station, I-50 at 45th Street, Sacramento, California
(To criteria established by State of California).

Figure 2-8. Wet-Pit Pump Station, Caisson Type, Southfield Freeway at Rotunda Drive,
Dearborn, Michigan

(To criteria established by State of Michigan).



Figure 2-9. Interior of Station Shown in Figure 2-8
Showing three 20 h.p. motors driving vertical pumps with above-floor discharge.

Figure 2-10. Same Station as Figure 2-8
Showing inlet and trash racks.  Note concrete pillar at right which causes inflow to bifurcate and

flow around periphery of caisson towards pumps



Figure 2-11. Section Through Circular Wet-Pit Type Pump Station
Dimensions and Elevations  Shown are for a Particular Case and May be Varied
to Suit.  Wayne County Airport, Detroit, Michigan



Figure 2-12. Large Wet-Pit Type Pump Station - Plans
Figures 2-11 through 2-13 are from data furnished by State of Michigan for
station at Wayne County Airport, Detroit.



  

Figure 2-13. Wet-Pit Type Pump Station - General Layout
Dimensions and Elevations are for Particular Case and May be Varied to Suit



Figure 2-14. Large Wet-Pit Station (350 cfs), I-696, Detroit, Michigan
Generally similar to the Waynes County airport station but a large separation structure is

immediately downstream. Electrical equipment is illustrated in Chapters 10 and 12.

Figure 2-15. Small Wet-Pit Pump Station, US 59, Texas
Equipped with two pumps with combination electric motor and gas-engine drive.



Figure 2-16. Wet-Pit Type Pump Station Showing Machinery Layout,
Combination Drive

From criteria developed by the State of Texas.



Figure 2-17. Floor Plan of Wet-Pit Type Pump Station
Two pumps with Combination Gas-Engine and Electric Motor and Electric
Motor Drive Set in Circular Pit. From Criteria Developed by the State of Texas.



Figure 2-18. Longitudinal Section Wet-Pit Station (Los Angeles County Flood Control
District)

Due to Land Subsidence, street pavement and residential lots are below
high-tide Level. Pump stations are required to prevent Flooding Because
Gravity Flow of Stormwaters into Tidewater Channel is not possible.

Pumps #1 and #3 are designed for 5,400 G.P.M. Discharge at 13.5 ft.
T.D.H. Pump #2 is designed for 11,700 G.P.M. Discharge at 13 ft.
T.D.H.

Suction Umbrellas are provided on all pumps to eliminate vortexing at
minimum submergence.  Umbrellas may be flat Plates in lieu of dished
type shown.

Pump spacing, bottom clearance and back-wall distance comply with
criteria set forth in Chapter 6 - Wet-Pit Design.



Figure 2-19. Wet-Pit Pump Station
*Dimensions comply with hydraulic institure criteria.



Figure 2-20. Wet-Pit Pump Station at Alma School Road, Tempe, AZ
(From criteria developed by the State of Arizona).



Figure 2-21. Pump Station, Tempe, AZ



(See Figure 2-20, Figure 2-22, and Figure 2-23).



Figure 2-22. Pump Station Location Plan
(See Figure 2-20, Figure 2-21, and Figure 2-23).

Figure 2-23. Profile, Alma School Road Pump Station, Tempe, AZ
(See Figure 2-20 through Figure 2-22) (From criteria developed by the State of Arizona).

Figure 2-24. Screw-Pump Type of Wet-Pit Pump Station
(Based on data submitted by the State of Connecticut).



Figure 2-25. Screw-Pump Type of Wet-Pit Pump Station
(For low lift applications, illustration shows 2-5000 GPM pumps at 16.4 ft. static head).



Figure 2-26. Wet-Pit Type Pump Station with Small Submersible Pumps
(Data furnished by FLYGT pumps).



Figure 2-27. Wet-Pit Type Pump Station with Submersible Pumps
Pumps No. 1 & No. 2   100 GPM Discharge at 20 ft. TDH.
Pumps No. 3 & No. 4   200 GPM Discharge at 32 ft. TDH. 
See Figure 2-26.



Figure 2-28. Wet-Pit Type with Five Submersible Pumps - Detroit, MI
With flexible discharge hose and electrical cable as shown any pump
can be removed from the pit for inspection or repair



Figure 2-29. Duplex Horizontal Submersible Pumps
(From manufacturers' data).



Go to Chapter 3
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Site Considerations
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3-A General
Stormwater drains to the low point of the highway but it is generally not desirable that the
pumping station itself be at the same depressed location. If so, it would usually be very
vulnerable to be flooded in the case of malfunction. The station should be at a higher elevation,
with inlet from the collecting point. This can result in the station being even outside a frontage
road as in the Arizona examples, Figure 2-20 through Figure 2-23. The California and Michigan
examples, Figure 2-7 and Figure 2-8, show the station between the freeway pavement and the
frontage road. Figure 2-15 shows a pumping station in Texas set at natural grade at the top of a
cut slope. The relationship with the highway cannot be seen in the photograph, but the station
serves to drain a short length of highway where it is depressed to pass under a local road. An
interchange occurs at this point and access to the station is readily provided from one of the
ramps with ample space for mobile equipment. There is no possibility for the station itself to be
flooded.

Many times a station can be located between the highway and a parallel service or frontage
road, near an overpass. Figure 2-8 shows a well-planned siting of this type. The vehicles of the
inspecting party are parked in the maintenance area provided, clear of frontage road traffic.
Electrical service to the station is underground with the meter section clearly exposed and
visible. Adequate safety considerations have been observed.

At locations where the highway or urban street was depressed to pass under railroad tracks, it
was earlier practice to construct a pumping station at the low point, sometimes in the bridge
abutment. This should be avoided due to design problems, high construction costs, flood
vulnerability and possibly inadequate personnel safety. Only if there is no other possible
alternative should a pump station be so located.

Figure 3-1 and Figure 3-2 show a California retrofit to overcome earlier siting deficiencies,
where a wet-pit station with unsafe access, inadequate storage and unsatisfactory pumps was
reconstructed with a new dry-pit alongside. The former wet-pit became a wet-well now serving
as storage-box. Access is now provided at railroad level with ample area for equipment. The
side slopes of the depressed highway section were lined with gunite to eliminate erosion
problems. Figure 3-3 shows a wet-pit station in California with minimal but adequate access.

In the case of small stations with submersible pumps, the wet-well can reasonably be at the low
point, provided the electrical control panel is located on higher ground. See Figure 2-26 and



Figure 2-27. Inlet gratings can be as observed in Figure 3-1.

In summary, it is essential that siting of any station be planned so that adequate access is
possible at all times for safe operating, maintenance and emergency functions. Proper
provision for dependable energy supply is essential, including site storage of LPG where
needed. Visual aesthetics, sound attenuation and the provision of water and sewer service
must all receive proper consideration, although none of the latter may be of sufficient
significance to merit added expenditures for siting the station in other than its best location
hydraulically. Foundation investigations are essential at any specific site which is under
consideration, but may be anticipated to rarely result in rejection of a site as unsuitable. Surface
effects on the pump station influent such as soil erosion, or hazardous or contaminated run-off
must not be overlooked. Also, and increasingly, the control of stormwater pumping station
effluent both as regards rate of discharge and water quality will need to be addressed.

Figure 3-1. Dry-Pit Pump Station at Railroad Underpass
(To criteria established by State of California).



Figure 3-2. Same Station as Figure 3-1
  Relationship of wet-well to dry-pit, access to station and electrical service to underground to

meter box can all be observed

3-B Access and Emergency Equipment Provisions

Good access with off-street parking has been provided in most preceding examples (Figure
2-8, Figure 2-15 and Figure 2-20 through Figure 2-23). However, in many cases there is neither
service road nor overcrossing immediately adjacent to the station. This occurs where the
station is of necessity at or near a low point, while planning did not or could not include service
road access. Prior design in Arizona placed stations in the depressed highway section, but with
adequate pull-off or parking areas. Traffic growth required extra lanes or merging capability
which was made at the expense of original station access and safety features. In one instance,
a subsequent retrofitting was done in a double-deck configuration after malfunction and
flooding. See Figure 3-4.

It is essential that a suitable pull-off and parking area for several vehicles be provided, with
adequate width to ensure safety of maintenance personnel. It is also highly desirable that it be
possible to erect warning markers or barricades without obstructing traffic lanes, and that
enough space be allowed for the operation of a crane for equipment removal, or for an
emergency generator and its towing vehicle.

3-C Energy Supply
Most stormwater pumping stations have electrical supply from a public utility company, with this
being the primary source of power. Underground service is preferred for safety and aesthetics,
but in most cases the utility company can at best only provide service from high voltage lines
on adjacent poles, thence underground to the station. Sometimes the service is overhead to the



station, with hazard to crane service for handling equipment. Overhead service should be
avoided if possible.

When engines are used, natural gas is normally piped underground to the station by a public
utility, but such service is usually available only in urban areas. On-site LPG storage is readily
re-supplied by normal distribution channels, but proper access for supply vehicles must be
maintained with all locations of storage above the flood hazard.

Many states now have energy-conservation standards which apply to building construction. The
total influence of these on any proposed pump station construction should not be overlooked.
The dry-pit or caisson largely below grade are energy-conserving solutions.

Figure 3-3. Wet Pit Station in California
Minimal Access from Surface Street Over Graveled Driveway Through Ground Cover.



Figure 3-4. Poorly Sited Station in Arizona
Original Construction was Adjacent to Freeway Pavement at Low Point. Subsequent Retro-fit

Provided ACcess from Frontage Road

3-D Aesthetics and Security

Prevailing opinion requires that publicly-constructed facilities be pleasing to the eye and that no
noise or gaseous emissions are observed or perceived at any time from them. Sound
abatement is of increasing concern. If a station is near a residential area, the use of
residential-type mufflers for engines and the enclosure of all motors or engines and driving
equipment in a masonry or concrete structure is desirable.

Concealment of equipment such as LPG tanks is also of importance. Compare Figure 2-20
Through Figure 2-23 and Figure 3-4 through Figure 3-8. These show a significant improvement
in siting factors which has been evolved in Arizona.

3-E Water Supply and Sewer Service

Water supply to any pump station is a great convenience, almost a necessity. Potable water is
usually available and should be provided through an appropriate backflow prevention device. A
very important reason for providing water supply is care and proper operation of pumping
equipment. Pumps, designed to handle and pass a fluid, must not be subjected to an excess of
solids such as mud, grit and debris which may have accumulated upstream in a wet-well,
storage box or the like. There must always be a sufficiently fluid flow, and an injection of fresh
water at adequate pressure is often needed to ensure this, by flushing mud and grit into an
acceptable fluid condition before the pumps start. Suitable time delays and solenoid valves in
the starting circuitry allow this to be done.

Another benefit is that a piped water supply enables the entire wet well or storage box to be
washed down periodically as a maintenance function and all mud, grit and silt removed. Many
stations are so close to the highway and so vulnerable to airborne dirt and dust that they
become and remain extremely dirty unless periodically cleaned up. Water supply provides the
ability to wash down and maintain the station and its surroundings clean. It also allows for
irrigation of landscaping.

Toilet provisions for personnel are not usually provided. However, such facilities are easily
installed where necessary with sewage disposal to holding tank, septic tank or sewer system,
according to which is available and meets local requirements.



Figure 3-5. Older Station with Poor Siting
Access is poor and exposed LPG tank is undesirable.

 

Figure 3-6. New Station Has Good Access
Appearance of station and equipment are not attractive.

3-F Foundation Investigations

Soil borings should be made during the siting phase so that an accurate picture of the
sub-surface soil conditions can be obtained. Adequate soil borings will provide the designer
with the allowable bearing capacity of the soil and identify any potential problems. Seismic
resistance considerations must not be overlooked in those areas where applicable. Some soils
are more favorable than others for caisson construction; other sites may require foundation



piling for bearing, or to resist uplift due to hydrostatic pressure.

3-G Landscaping and Access to Stormwater Inlets
Landscaping should be limited to ground cover, as seen in Figure 4-2 and Figure 4-3, and small
shrubs or bushes. Vegetation must not be allowed to overgrow doors, stairways, ventilators and
the like. Trees, which interfere with crane service, should be avoided. Where the station is
located in or at the top of a cut slope, as in Figure 3-3, it is desirable that a concrete stairway
lead from the station to the nearest inlet grating in the shoulder of the highway. The stairway
may be omitted where the ground cover is limited to grass which is cut short, or to isolated
clumps of vegetation in arid areas. Access down steep gunited sloping surfaces should be
avoided unless a stairway is provided. Maintenance personnel should be required to keep all
gratings free of debris which would prevent flow of stormwater into storage box or pump station.
Lack of easy access should not be permitted to discourage this work.

Figure 3-7. Arizona Station to Current Standards
Note good access and enclosure of LPG storage.



Figure 3-8. Similar Type of Station as Above
Note excellent appearance and access, and relationship to depressed freeway

Go to Chapter 4
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4-A General
Highway stormwater runoff is conveyed to the pumping station by a collection system consisting of ditches, gutters, inlets, channels and conduits. These elements have been
discussed in Hydraulic Engineering Circular No. 12, Drainage of Highway Pavements; ASCE Manual No. 37, Design and Construction of Sanitary and Storm Sewers, and the
FHWA Implementation Division Manual, FHWA-TS-79-225, Design of Urban Highway Drainage - The State of the Art.

It is beyond the scope of this Manual to discuss the collection system design, except to evaluate the storage in the system and its effect on the design of the station, and to
draw attention to details of construction such as storage-boxes and their inlet gratings. Current practice includes an increasing trend to use storage to limit the rate of
stormwater discharge, gravity or pumped, to levels compatible with watershed management plans.

The inflow hydrograph is the basis for the hydraulic design of a pump station. By the criteria set forth for this Manual, the inflow hydrograph is assumed to be known. It will be
provided to the pump station designer by others. Where rates of discharge are to be limited, an outflow hydrograph is also required and must be provided. Under all
conditions, the relative quantity of storage provided and the rate of pumping necessary are closely related and are an important interface between the hydraulic engineer and
the pump station designer.

4-B Hydrographs
Figure 4-1 shows the inflow hydrograph for a given set of conditions, and the relationship between storage and pumping capacity. It was developed by the Los Angeles
County Flood Control District for a large retention basin, or forebay, using the District's 50-year design storm. This is a four-day storm with the maximum rainfall quantities
occurring on the fourth day. This design storm hydrograph is for Walteria Lake, which was specially excavated to receive inflow from a considerable area. It has a design
storm peak inflow of 3,000 cfs and a storage capacity of 1,057 acre-ft. (344 million gallons). A pump station with four main pumps, each of 55 cfs capacity, is used to drain
the basin. After a 50-year design storm, nearly sixty hours of continuous pumping would be required to empty the basin. This example is introductory rather than being typical
of highway conditions. Later examples in this Chapter are more representative.

Figure 4-1 also gives a representation of optimizing pumping cost and storage cost. It is usually desirable to thoroughly study the costs of storage, pumping equipment, pump
station construction, operation and maintenance in order to balance the most economical design with allowable discharge requirements.

Other inflow hydrographs for different conditions will be found to have different shapes, peaking sooner and with less pronounced maximum inflow than the Walteria Lake
example. Pumping rate or outflow is plotted on the inflow hydrograph and the excess of the curve above the pumping rate represents the necessary storage. The excess
area is usually cross-hatched so as to be properly identified.

To analyze the effects of storage on reducing the peak pumping rates, an inflow hydrograph must be developed for the contributing watershed. The routing procedures
require that a cumulative runoff vs. time relationship be developed. Hydrology methods that only provide the peak flow rate are not adequate.

Inflow hydrographs can be developed using the unit hydrograph, Soil Conservation Service, or volume of runoff methods. It is beyond the scope of this Manual to discuss
these methods. For the purpose of this Manual, the inflow hydrograph will be assumed.

4-C Debris and Hazardous Spills
Stormwater flushes slopes and pavements before entering the collection system. Therefore all types of debris will reach the pumping station, carried by mud-laden water. It is
important that the pumps be protected by screens to prevent passage of the larger pieces of debris while permitting passage of the smaller ones. Screens may be in the form
of gratings at the surface of pavement or gutters, or may be trash racks inside the station. Reduction of velocity in a storage box or large pump pit will result in the benefit of
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suspended solids which pass the screens being deposited upstream of the pumps.

The possibility of hazardous spills is always present under highway conditions. In particular, this has reference to gasoline, and the vulnerability of pump stations and
pumping equipment to fire damage. There is a history of such incidents having occurred and also of spills of oil, corrosive chemicals, pesticides and the like having been
flushed into stations, with undesirable results. The usual design practice has been to provide a closed conduit system leading directly from the highway to the pump station
without any open forebay to intercept hazardous fluids, or vent off volatile gases. With a closed system, there must be a gas-tight seal between the pump pit and the motor
room in the pump station. Preferably, the pump station should be isolated from the main collection system and the effect of hazardous spills by a properly designed storage
facility upstream of the station. This may be an open forebay or a closed box below the highway pavement or adjacent to it. The closed box must be ventilated by sufficient
grating area at each end.

Figure 4-1. Walteria Lake Hydrograph
Data furnished by Los Angeles County Flood Control District.

4-D Collection Lines
Collection lines will be laid out to alignments, elevations and slopes to suit the highway. Stormwater flows into these channels or conduits which usually become
progressively of larger capacity as they approach the pump station. The collector lines should preferably terminate at a forebay or storage box. However, they may discharge
directly into the station. Under the latter condition, the capacity of the collectors and the storage within them is critical to providing adequate cycling time for the pumps and
must be carefully calculated. Cycling is the starting and stopping of pumps, the frequency of which must be limited to prevent damage and possible malfunction. Depending
on the relative elevations of the drain lines and the pumping levels, some of the storage may not be usable. Computations for the determination of storage in collection
systems are given in Figure 4-5 through Figure 4-9, which are examples taken from actual stations.

As stated in Section 4-A, the collection system design will not be discussed in detail, but a point that needs attention is whether the inlet line to the station is required to flow
under pressure, due to the hydraulic gradient established. Figure 4-7 shows the use of rubber-gasketted reinforced concrete pipe due to the pressure head involved.
Conditions in the other examples did not require the use of pressure pipe and reinforced concrete pipe with mortar joints was used. Sometimes an unconventional collection
system alignment with manholes may be necessary, as shown in Figure 4-8. The Manning formula with n = .013 is generally used for computing flows or sizing lines.

If a wet-pit station with vertical pumps is being designed, changes in the collection system generally have less effect on the caisson type than on the rectangular-pit type.
This is because the generally deeper setting of the pumps in the caisson-type and the lower pump starting level in relation to the inlet of the collection line should result in a



greater proportion of the storage in the collection lines being usable. Cycling requirements are then more easily satisfied. Caissons are usually more economically
constructed to greater depths than the rectangular-pit type can be.

Where the rectangular-pit type of station (Figure 2-18 and Figure 2-19) is being designed, with minimum pump-pit depth and minimum requirements for pump submergence,
there is usually a significant element of unusable storage in the collection lines, and any change in the grade, elevations or sizes of the collection lines must be carefully
related back to the pump station design. This is to ensure that usable storage is sufficient to satisfy pump cycling requirements. The required submergence is the depth
below the water surface to which the bottom of the pump must be immersed in order to function properly. Requirements are given in Chapter 6 - Wet Pit Design.

In a wet-pit station where submersible or screw-type pumps are proposed, consideration of storage in the collection lines may be less critical, due to the less stringent
submergence requirements of these alternate types of pumps. Also, submersible pumps can withstand more frequent cycling. There would probably be less unusable
storage, but the Manual does not provide any examples of computations of storage which are specifically applicable to submersible or screw-type pumps only. It is believed
that these can readily be developed from the text and examples provided.

Where substantial storage in relation to the inflow is to be provided, either in the case of an open forebay (Walteria Lake, Figure 4-1) or a storage box (dry-pit station, Figure
2-2 and Figure 2-3), the effect of changes in the collection system will be much less. Storage boxes can be used equally well with wet-pit stations, although none has been
illustrated.

The storage in sloping circular lines can be calculated by recognizing the water forms an ungula, which is part of a cylinder cut off by a plane oblique to the base. The method
of computing the ungula volume is shown in Figure 4-5. Alternately, the prismoidal formula can be used. The stored volume is the length of pipe multiplied by the base area
and adjusted by factors. A table for determining the area of the cross section of a circular conduit flowing part full is reproduced from Handbook of Hydraulics by King &
Brater, and is included as part of Figure 4-5.

4-E Gratings
Under highway conditions, the gratings which are set in or near the gutter flow line also serve to prevent entry of gross trash and debris into the underground collection lines,
or into storage boxes. They perform a useful pre-screening function.

Main bars of the gratings must be deep enough to have the strength to carry traffic wheel loads and the clear spacing between bars must be minimized, so that only minor
trash will be carried through the gratings. Gross debris and trash retained on the gratings must not be allowed to block passage of stormwater. Periodic removal is a
necessary maintenance function. Gratings in the gutter flow line with a collector pipe below are shown in Figure 4-2.

A typical access grating to a storage box is illustrated by Figure 4-3 and a design detail is shown in Figure 4-4. Access gratings are best located in the shoulder above the
gutter flow line. Gratings are also essential for the storage box ventilation.

It will be noted that there is actually no bar-screen inside the box. Bar-screens or trash racks are essential in wet-pit pump stations without any other upstream screening.

4-F Storage Box Features
The storage box is illustrated in Chapter 2 - Review of Current Practice as a component of the dry-pit station, where it also serves as the wet-well. However, the concept is
equally applicable to the wet-pit station where it will also serve for fire protection and as a sand trap. The box derives its name from its similarity to a multiple-barrel box
culvert and is usually constructed in this way. Large-diameter concrete pipe would appear to be equally suitable, manifold as necessary with poured concrete interconnecting
laterals.

Single or multiple boxes or pipes are placed parallel to or transversely under the highway at the low point of the collection system and depressed area. The boxes are sized
to store as much of the peak flow volume from the design storm as is economically feasible. An advantage of the storage boxes is the provision of a safety factor in respect
to power outages. The storage box can be designed to contain the inflow of design storms to a point below allowable high water level, until pump operation can be restored.
Also, as described, hazardous highway spills can be contained in the storage box and its sand trap until pumped out. The pump station would not be contaminated or
damaged. In the event of a gasoline fire in the storage box, some spalling of the roof concrete might occur, but with the accessibility provided, the damaged area can be
readily shored up if necessary and then repaired.

Since the velocity of flow will be reduced in the storage box, sand, silt and debris will tend to settle out; the storage box should be designed to facilitate removal of this
material.



Pumps should be designed to pass solids and sediment in the event that these materials are not removed in the wet-well.

Storage boxes are sloped, with a clean out box or sand trap at the low point. Access is through gratings of ample size set in the shoulder and median as illustrated in Figure
2-2 and Figure 4-3. Through ventilation is provided and the combination of features acts together to facilitate maintenance. When a storage box or structure is constructed
adjacent to the pump station, the slope of the box can be neglected and the volume can be computed as a rectangle with depth according to the hydraulic gradient.

The construction cost of a storage box of any size can be readily estimated and this can then be evaluated against the reduced costs of pumping and electrical equipment.

4-G Storage and Pump Cycling
An important initial evaluation in pump station design is how much total storage capacity can or should be provided. Using the hydrograph, various levels of pump capacity
can be tried and the corresponding required total storage can be determined. The basic principle is that the volume of water as represented by the shaded area of the
hydrograph in Figure 4-1 is beyond the capacity of the pumps and must be stored. If a large part or most of the design storm is allowed to collect in a storage facility, a much
smaller pump station can be utilized, with anticipated cost benefit. If the discharge rate is to be limited, ample storage is essential.

To provide ample storage in the simplest form, the channels or conduits draining the highway could discharge into a large open basin or forebay similar to Walteria Lake,
which would store a substantial quantity of water upstream of the pump station. The latter would operate as necessary to empty the forebay. Under highway conditions, the
ability to provide an area sufficient for a forebay may be infrequent. Also, an open forebay may not be compatible with highway operating requirements. Any forebay design,
including earthwork and gunite lining or other erosion control, should be regarded as part of the pump station design. A rectangular pump pit with trash-rack forming its
upstream side could be set at the low end of the forebay. Alternately, a screened inlet line could lead to a caisson-type station or a dry-pit station.

The preceding paragraphs apply clearly to both wet-pit and dry-pit stations. Most of the following text applies primarily to the use of vertical pumps in wet-pit stations, but the
principles set forth will be found to be generally applicable to other types of pump and also for dry-pit stations. If any inconsistency exists it should be borne in mind that the
major reference is to vertical pumps in wet-pit stations.

The inlet lines and the pump pit itself will always provide some storage, but it may be minimal, requiring sufficient pumping capacity to be installed to handle peak flows. This
results in equipment which may be over-sized for its normal function and may be required to operate for short periods only. Rapid cycling, which is frequent starting and
stopping of pumps, may occur. This is harmful and undesirable due to the possibility of electric motors overheating and becoming damaged. Cycling time is always a
necessary design consideration.

It is important at this point to make a distinction between the total storage capacity of the collection system and pump pit and the usable storage capacity applicable to
considerations of pump cycling. The total storage in the system will be the water volume below the hydraulic gradient, which is set as described in Section 4-H. Under correct
hydraulic conditions, the usable storage capacity will be the water volume in the system corresponding to the pumping range of the first pump to operate, that is the
difference in elevation between start and stop of the first pump. Also, when the inflow to the storage is half of the pump capacity the pump will cycle at the fastest rate.

The objective is that usable storage capacity and an inflow equal to half the first pump capacity should result in a satisfactory cycling period. Computation of usable storage
capacity in the inlet line depends on hydraulic conditions in the line, which again determine the hydraulically correct pumping range of the first pump. See Section 4-I. for a
more detailed explanation. If the pump start and stop are too closely spaced without reference to hydraulic conditions, then usable storage will be minimized, cycling time will
be decreased and will probably be too short a period.

Depending on the hydraulic gradient, the design water level and the staging (vertical start-stop intervals) of the other pumps, it may be possible to raise the level of the first
pump start and so increase the usable storage. Lowering the first pump stop below its correct hydraulic level is not effective. This only causes the pump to pump down the
pump pit where storage volume is minimal and the time added to the cycle will be very little.

To increase usable storage and lengthen the cycling time, the physical volume of the inlet line construction may be increased. However, it is generally much more practical
for the pump station designer to reduce the size of the first pump to start, so as to make the pump compatible with available storage. Figure 4-8 and Figure 4-9, and Chapter
15 - Station Design. Calculations and Layouts show an example of the latter procedure. It is not unusual to use one or two smaller pumps to start first, followed by larger
pumps to handle the total Q. The percentage of Q that the small pumps should handle can also be related to the shape characteristics of the hydrograph. If the Walteria
hydrograph shape is applied to a storage situation, it will be seen that two pumps which could handle thirty percent of the peak would be suitable. For a four-pump station,
15%, 35%, 35%, 15% would be a good selection of pump capacities. An alternate would be to have one pump of 15% and divide the remaining 85% equally between three
large pumps. The all-electric station shown in Figure 2-18 and Figure 2-19 has three pumps of 24%, 52% and 24% peak capacity. What this means is that to suit the Los
Angeles County Flood Control District hydrograph, rectangular wet-pit stations where pump pit depth is minimized and storage is minimal require one or more pumps with a
capacity of 15% to 25% of peak flow to meet cycling criteria. Under highway drainage conditions where the shape of the hydrograph is flatter, it is more usual to use two or
more pumps of the same capacity.



Rapid cycling is primarily due to lack of usable storage and can be damaging to electric motors. However, regardless of pumping considerations both the total and the usable
storage may have to be limited for other overriding reasons. Limitation of usable storage is not so significant where engine-driven pumps are concerned, but as with an
automobile, frequent starts can drain batteries and cause malfunctions.

Figure 4-2. Gratings in Gutter Flow-Line

Figure 4-3.  Access Grating to Storage Box
  Note location in shoulder and relationship to gutter flow-line.



Figure 4-4. Typical Detail of Grating for Storage-Box
Provides ventilation and access for clean-out based on data furnished
by the State of California.

4-H Hydraulic Gradient and Design Water Level
After a quantitative relationship between the total storage and the pumping capacity has been established, it is necessary to tentatively determine several other factors,
always with the possibility that any one or more of all the conditions may prove unsuitable and need adjustment as the design is refined. A number of trials may be necessary
to get all the factors into proper balance.

The first necessity is to establish the hydraulic gradient from the highway pavement to the pump station. The highest permissible water level at the downstream inlet from the
pavement or gutter should be set two or three feet below the finished pavement surface. The lower the elevation the more conservative the design. Depending on the inflow
to the station, there will be some head loss in the line from the inlet grating to the pump pit. See Figure 4-7, where at Design Q the head loss will create the hydraulic gradient
as shown. The elevation of the hydraulic gradient at the station is the permissible high water level. The Design water level for which the pumps are to be selected may be
considered at or as much as several feet below the hydraulic gradient at the pump station. To consider it below would again be conservative, because as a general principle
with any given pump the higher the water level in relation to the discharge line from the station, the greater will be the volume pumped. Setting the design level below the
hydraulic gradient creates a reserve of extra capacity. Reference to the pump performance curves in Chapter 9 - Pumps for Stormwater Applications, will clarify the foregoing
statements.

The selection of pumps for the station should provide for all pumps (except the sump pump) to be operating together at the design water level to deliver the design discharge
Q. The type of station with dimensions and elevations, the number and size of all pumps, the inlet line size, and the pumping level for the first pump to start all need to be
tentatively set. From this information it is possible to determine the usable storage and from it the cycling time of the first pump. The staging or vertical distance between
starting of the first, second and other pumps (usually one to three feet) can then be determined so that all pumps are running before inflow has risen to the design water
level.

4-I Pump Cycling Calculations
For a given pump with a capacity Qp, cycling will be a maximum (least time between starts) when the inflow Qi to the usable storage is one-half the pump capacity. The proof
is as follows:



t = Time to Empty + Time to Fill usable storage volume V

           When Qi =  cubic feet/sec.    t = 

since t is in minutes            

Refer to Figure 4-6 and Figure 4-7.

The usable storage volume depends on the pumping range ∆h, which is the vertical height between pump start and pump stop elevations. It is therefore necessary to provide
enough pumping range at the critical inflow rate Qi to limit cycling to acceptable minimum time periods based on electric motor size. In general the larger the motor the larger
is the starting current required, the larger the damaging heating effect, and the greater the cycling time required. Refer to Chapter 10 - Electric Motors for Stormwater Pumps.



Figure 4-5. Storage in Ungula



Figure 4-6. Usable Storage and Pump Cycling



Figure 4-7. Pump Station and Inlet Line Storage

For Code F induction motors, as normally used for driving vertical pumps, the following limits are recommended.
Motor HP Cycling Time (t), Minutes

0-200
250-300
350-500

15
18
20

If pump discharge Qp, minimum cycling time t, pump pit area, and usable storage volume are known or tentatively selected, the pumping range ∆h can be expressed as:

At the low levels of water in the pump pit when cycling is being considered the discharge of the first pump will be less than the discharge at design water level, which is
usually at or only slightly below the level of the hydraulic gradient. Consequently, the cycling time will be greater and the risk of overheating apparently less. However, there
is some added complexity to this subject making it more appropriately treated in Chapter 8 - Pumping and Discharge Systems, and in Chapter 9 - Pumps for Stormwater
Applications. To avoid the confusion of attempting to explain pumping phenomena in this chapter on Collection Systems, the reader is requested to accept the pumping rates
shown in the numerical examples of Figure 4-6 through Figure 4-9 from which the cycling times are computed. After study of Chapter 8 and Chapter 9, the reader should
come back and study the validity of the pumping rates used, which are shown in two of the three examples as less than the Design Q for the pump operating at Design Water
Level. The example given in Figure 4-5 has been simplified by ignoring considerations of the inlet line running partially full, but this is explained in Figure 4-6 and a composite
is shown in Figure 4-7.

A more comprehensive example is now given, showing a collection system with awkward layout in which only part of the storage is usable. The inlet delivers to a rectangular
pump pit of minimum depth, but cycling period of first pump is shown to be satisfactory. Refer to Figure 4-8 and Figure 4-9. The design inflow Q has been given as 181 cubic
feet per second and the size of the first pump to operate is selected as 15% of Q. Thus the pump capacity is 27 cfs (12,100 gpm) and the critical volume of inflow Qi for
cycling considerations is 13.5 cfs. To suit the hydraulic gradient and use of non-pressure R.C.P., the highest permissible water level in the station has been set at El. -4.05.
There are to be four pumps which start at one foot intervals at or below this level, so the starting elevation of the first pump will be El. -7.05. Therefore, -7.05 is the highest
elevation at which usable storage can be considered. We are, therefore, concerned with the hydraulic conditions in a large pipeline flowing partially full. Referring to King &
Brater, Handbook of Hydraulics, Table 7-14, the procedure is to find K' for each portion of line, then the depth of water D, interpolating as necessary. Values of D must be
determined to correspond to an inflow rate Qi equal to half the pump capacity.

Usable storage is now computed as follows:



Line H   (72")       d = 6.0      

D/d (interpolating) = 0.21 + (19 / 44 x .01) = .2143

D = 6.00 x .2143 = 1.29 ft. depth

Line H   (66")      d = 5.5       K' = .0589

D/d = .24 + (4/49 x .01) = .2408 D = 5.5 x .2408 = 1.32 ft. depth

Line F (63") d = 5.25    K' = .0667

D/d = .25 + (33/52 x .01) = .2563 D = 5.25 x .2563 = 1.35 ft. depth

Line F (57") d = 4.75    K' = .0870

D/d = .29 x (21/58 x .01 = .2936 D = 4.75 x .2936 = 1.39 ft. depth

Figure 4-8 can now be drawn, based on Figure 4-7 and the above.

The stepped inverts of the lines have some effect in distorting the ungula, but the length L, of V may be computed by similar triangles. Water depth of V is 1.96 ft. at Sta.
0+97.50 and 0.12 ft. at Sta. 11+28.00. Length L,=1030.5x1.96/1.84=1097.7 ft.
For Sta. 0+97.50:

d = 6.0   D=3.25   c=0.25  

D/d = .5417  Ca. = .4347   Wetted Area B = .4347 (6.0)2 = 15.65 sq. ft.

        

For Sta. 11+28:

d = 5.25  D=1.35   c=1.275 

D/d = .2571 Ca = .1597 Wetted Area B = .1597 (5.25)2 = 4.40 sq. ft.

For Sta. 0+97.50:

d = 6.0  D = 1.29  D/d = .2150  Ca = .1240  B = 4.46 sq. ft.

For Sta. 6+16:

d = 6.0   D = 1.82   D/d = .3033   Ca = .2012   B = 7.24 sq. ft.

d = 5.5   D = 1.32   D/d = .2400   Ca = .1449   B = 4.38 sq. ft.

For Sta. 11+28

d = 5.5   D = 1.60   D/d = .2909   Ca = .1898   B = 5.74 sq. ft.



                                                                                                         = 5,920 cu. ft.

V = V3 - V1 - V2 = 13,638 - 1,671 - 5,920

                            = 6,047 cu. ft. usable storage in inlet line.

Pump Pit Area A (determined in Chapter 15, as dimensionally suitable for pumps selected) = 1,452 sq. ft.

∆h can be set to match hydraulic computations = 1.96 ft.

Pump cycling time T is now computed. 

With ∆h given above as 1.96 ft., and Qp = 27 cfs

∆T = 1,452 x 1.96 + 6,047 / 15 x 27 = 21.9 minutes

(O.K. 21.9 > 15 minutes minimum for 150 h.p. motor).

Due to the minimum water level condition (See Chapter 8 - Pumping and Discharge Systems) the value of Qp may be discounted to 25 cfs. This would slightly raise ∆h and
the usable storage, and increase cycling time.

The preceding examples show that a good deal of care must be taken in computing the storage in collection systems and relating it to pumping requirements. Only the
minimum of information on pump characteristics has been introduced, solely for the purpose of assisting the reader's understanding of the effect of the collection system on
the pump station design and operation.



Figure 4-8. Inlet Line Layout
Data from westside pump station, Long Beach, CA.



Figure 4-9. Usable and Unusable Storage in Inlet Line

Figure 4-10. Use of Storage to Reduce Peak Flow Rate

To round out the limited pumping explanations, it is appropriate at this point to mention Total Dynamic Head since its abbreviation TDH has appeared and various references
have also been made to head, operating head, design head and possibly static head. Briefly, a pump always operates at some total dynamic head which consists of the
static head through which the water is being lifted, plus various head losses due to water velocity and the friction of the water passing through the pump, piping, valves and
fittings to the point of discharge. Chapter 6 - Wet Pit Design, and Chapter 8 - Pumping and Discharge System give more details.

Section 4-G, Section 4-H and Section 4-I have dealt with collection systems and storage for conditions where pump station discharge rate need not be limited. The remainder
of Chapter 4 presents methods to be used when discharge rate must not exceed a given level.



4-J Development of a Mass Curve Routing Procedure
The merits of using storage to reduce peak flows have been discussed in previous sections. A generalized case is selected for illustration because the actual pumping station
case may be complicated by the varying pumping rates and discontinuities as the pumps turn on and off. This is shown in Figure 4-10.

The shaded area between the curves represents the volume of stormwater that must be stored to reduce the peak flow rate. Storage exists in natural channels, storm drain
systems, constructed basins or forebays, and in storage boxes. Engineers must be able to identify the analyze the effect of storage on the discharge rates from the pump
station.

Designers must establish the interrelationship between three separate components. First, the inflow hydrograph must be determined for the contributing watershed. Second,
the volumetric storage capability of the storage facility must be identified. Third, the stage-discharge curve of the pumps must be determined. Once these three components
have been established, a mass curve routing procedure can be used to analyze the problem. This routing procedure will be developed in the following sections.

An example problem is utilized to illustrate the development of the routing procedure; the inflow hydrograph used for this example problem is depicted in Figure 4-11.

4-K Estimating Required Storage and Pumping Rates
Because of the complex relationship between the variables of pumping rates, storage, and pump on-off settings, a trial and error approach is usually necessary for estimating
the pumping rates and storage required for a balanced design. There is a wide range of combinations that will produce an adequate design. A desirable goal is to maximize
storage capacity so as to minimize pumping capacity.

Some approximation is necessary to produce the first trial design. One approach is shown in Figure 4-12.

In this approach, the peak pumping rate is assigned and a horizontal line representing the peak rate is drawn across the top of the hydrograph. The shaded area above the
peak numbing rate represents the volume of storage required above the last pump-on elevation.

The number of pumps and their respective pumping rates are selected together with the pump on-off settings, and trial dimensions of the storage basin are assigned to
produce the required volume of storage, represented by the shaded area in Figure 4-12, above the last pump-on elevation.

For the example problem, a peak pumping rate of 14 cfs was assigned; this will be accomplished by two 7 cfs pumps. The pumping rate is plotted as a horizontal line, and
the shaded area is measured, determining the required volume (4,500 cu. ft.) above the last pump-on elevation.

Figure 4-11. Inflow Hydrograph for Example Problem



4-L Stage-Storage Relationship
Engineers have a wide-range of tools available to them for providing the necessary storage at a pumping station. Earth basins either natural or constructed are the most
cost-effective; however, at most highway pumping stations the storm water must be stored underground. This can be accomplished by oversizing the storm drain or providing
a concrete storage box.

Routing procedures require that a stage-storage relationship be developed. This is accomplished by calculating the available volume of water for storage at uniform vertical
intervals. Usually the stage-storage curve is developed using one-half foot intervals, with the intervals corresponding to the vertical elevations used in the station design.

Storage provided by irregular natural terrain is calculated by determining the area of horizontal planes associated with the vertical intervals. The areas of adjacent planes are
averaged and multiplied by the vertical increment to determine an incremental volume. Starting at the bottom of the basin, the volumes are summed to obtain the
stage-storage curve.

When a trapezoidal basin is used, the stage-storage curve can be calculated by the prismoidal formula:

where:

V = Volume of basin at a given depth, cu. ft.
D = Depth of basin, ft.
A1 = Area of water surface, sq. ft.
A2 = Area of base, sq. ft.
M = Area of midsection, sq. ft.

The volumes associated with the assigned depth are calculated and plotted to obtain the stage-storage curve.

Figure 4-12. Estimating Required Storage

A special case occurs when the basin is square (pyramid); the volume of the basin is calculated using the frustum of a pyramid equation:

where:



V = Volume of a basin at a given depth, cu. ft.
D = Depth of basin, ft.
A1 = Area of water surface, sq. ft.
A2 = Area of base, sq. ft.

Whenever the pump start elevation is above the invert of the storm drain, the storm drain will perform more as a storage basin than a conveyance vehicle. By oversizing the
storm drain, a true storage basin can be created that will provide a meaningful reduction in pumping rates. One section of pipe could be designed to act as a storage basin,
or the storage zone could be extended into several lengths of the storm drainage system.

The volumes for establishing the stage-storage curve can be calculated using the prismoidal formula:

where:

V = Volume of water in pipe, cu. ft.
L = Wetted length of pipe, ft.
A1 = Wetted cross sectional area of lower end of pipe, sq. ft.
A2 = Wetted cross sectional area of upper end of pipe, sq. ft.
M = Wetted cross sectional area of midsection of pipe, sq. ft.

Relative area-depth curves or tables for the particular storm drain shape must be consulted to determine the cross sectional areas. An FHWA report* provides relative
area-depth tables for various cross sectional shapes.

If the pipe is circular, a special case exists, and the volume can be calculated using the ungula of a cone formula as discussed in Figure 4-5. The ungula formula should only
be used for partially full flow conditions.

Underground storage boxes would most likely be rectangular reinforced concrete boxes. The volumes at the various stages can be calculated using a combination of
formulas for regular prisms and triangular wedges.

In an example problem, a 520-ft. long 48" circular pipe with a 0.40 percent slope is provided as a storage pipe as shown in Figure 4-13; a 21-ft. diameter wet-well is also
provided. The storage volumes for the respective elevations are tabulated in Figure 4-13, and the stage-storage curve is plotted in Figure 4-14.

Figure 4-13. Storage Pipe Sketch
Elevation Pipe Wet Well Total

(ft) (ft3) (ft3) (ft3)



0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0

0
45

251
672

1,333
2,213
3,187
4,168
5,072
5,773
6,230
6,468
6,534
6,534
6,534

0
173
346
519
692
866

1,039
1,212
1,385
1,559
1,732
1,905
2,078
2,251
2,424

0
218
597

1,191
2,025
3,079
4,226
5,380
6,457
7,332
7,962
8,373
8,612
8,785
8,958

Stage-Storage Tabulation
48' at 0.40 percent

21' diameter wet well

Figure 4-14. Stage-Storage Curve



4-M Stage-Discharge Relationship
Mass curve routing procedures require that a stage-discharge relationship be established. For the example problem the following stage-discharge relationship was
developed:

Pump-start Elevation Pump-stop Elevation
Pump No. 1 (7 cfs)

Pump No. 2 (7 cfs)

2.0

3.0

0.0

1.0

Figure 4-15 shows the pumping arrangement.

This stage-discharge relationship is based on three design criteria assumptions: (a) Pump No. 1 stops at Elevation 0.0, (b) 2-ft. pumping range, and (c) 1-ft. difference in
elevation between pump starts.

Since pumping station design is basically a trial and error approach, this pumping arrangement should be considered as the first attempt.

Note: *Zelensky, P.N., Computation of Uniform and Nonuniform Flow in Prismatic Conduits, 1972, Federal Highway Administration, Office of Research and Development,
Washington, D.C. 20590.

\

Figure 4-15. Stage-Discharge Curve



4-N Inflow Mass Curve
To obtain an inflow mass curve, the inflow rates at the limits of a time increment are averaged and multiplied by the time increment to obtain an incremental volume. These
incremental volumes are then summed to obtain a cumulative inflow and plotted against time to create an inflow mass curve.

The inflow hydrograph (Figure 4-11) for the example problem is summed and plotted in Figure 4-16 as the inflow mass curve.

4-O Mass Curve Routing
After the three components, inflow hydrograph, stage-storage relationship and stage-discharge relationship have been determined, a graphical mass curve routing procedure
can be used. In actual design practice, the inflow hydrograph which is developed by an acceptable hydrologic method is a fixed design component; however, the storage and
pumping discharge rates are variable. The designer may wish to assign a pumping discharge rate based on environmental or downstream capacity considerations. The
required storage is then determined by various trials of the routing procedure.

As the stormwater flows into the storage basin, it will accumulate until the first pump-start elevation is reached. The first pump is activated and if the inflow rate is greater than
the pump rate, the stormwater will continue to accumulate until the elevation of the second pump-start is reached. As the inflow rate decreases the pumps will shut off at their
respective pump-stop elevations.

These conditions are modeled in the mass curve diagram by establishing the point at which the cumulative flow curve has reached the storage volume associated with the
first pump-start elevation. This storage volume (2025 ft.3) (Figure 4-14) is represented by the vertical distance between the cumulative flow curve and the base line as shown
in Figure 4-17. A vertical storage line is drawn at this point since it establishes the time at which the first pump starts.

The pump discharge line is drawn from the intersection of the vertical storage line and the base line upwards towards the right; the slope of this line is equal to the discharge
rate of the pump. The pump discharge curve represents the cumulative discharge from the storage basin, while the vertical distance between the inflow mass curve and the
pump discharge curve represents the amount of storm water stored in the basin.

If the rate of inflow is greater than the pump capacity the inflow mass curve and the pump discharge curve will continue to diverge until the volume of water in storage is
equal to the storage (4226 ft.3) associated with the second pump-start elevation. At this point the second pump starts, and the slope of the pump discharge line is increased
to equal the combined pumping rate.

The procedure continues until peak storage conditions are reached. At some point on the inflow mass curve the inflow rate will decrease, and the slope of the inflow mass
curve will flatten. To determine the maximum amount of storage required, a line is drawn parallel to the pump discharge curve tangent to the inflow mass curve as shown in
Figure 4-17. The vertical distance between the lines represents the maximum amount of storage required.

The routing procedure continues until the pump discharge curve intersects the inflow mass curve. At this point the storage basin has been completely emptied, and a
pumping cycle completed. As the storm recedes, the pumps will cycle to discharge the remaining runoff.

In developing the pump discharge curve, the engineer should remember that the pump's performance curve is quite sensitive to changes in head and that the static head will
fluctuate as the water level in the storage basin fluctuates. The designer should also recognize that the pump discharge rate represents an average pumping rate.

In the example problem two 7 cfs pumps are provided. The pumping conditions are as follows:
Pump-Start
Elevation

Pump-Stop
Elevation

Pump No. 1 (7 cfs) 2.0 (2,025) 0.0 (0)
Pump No. 2 (7 cfs) 3.0 (4,226) 1.0 (597)

The numbers in parenthesis are the storage volumes (cu. ft.) associated with the respective elevations.

As depicted in Figure 4-17, Pump No. 1 is activated when the cumulative flow fills the storage basin to elevation 2.0 (2,025 cu. ft.). The pump discharge curve is drawn from
the base line at a rate of 7 cfs. Since the rate of discharge is greater than the inflow rate, the basin will quickly empty, and Pump No. 1 will shut off. The pump discharge
curve will be horizontal because there is no pumped discharge until the inflow builds up to the Pump No. 1 start elevation again.



Pump No. 1 comes on again as the inflow builds up. Since the inflow rate is greater than the discharge rate the curves will diverge until the available storage (4,226 cu. ft.) is
reached at Pump No. 2 start elevation. The combined discharge rate is plotted, and a line is drawn parallel to the discharge curve through the point of tangency of the inflow
mass curve to determine the maximum amount of storage required as shown in Figure 4-17. The vertical distance between the lines represents the maximum amount of
storage required (8,500 cu. ft.).

The peak storage conditions have now been reached, and the storage decreases. The routing continues until the two curves intersect, at which time the basin will have
emptied. Pump No. 2 will shut off when the storage volume is equal to the volume (597 cu. ft.) associated with the Pump No. 2 stop elevation (1.0'); Pump No. 1 will shut off
when the storage pipe has been emptied at Pump No. 1 stop elevation (0.0). Subsequent inflows will cause the pumps to cycle as the storm flows recede; this additional
cycling was not shown for simplicity.

The design is adequate since the available storage at the high water alarm is 8,785 cu. ft. High water design conditions are plotted on the stage-storage curve (Figure 4-14)
for reference.

In -the final design, fine tuning of mass curve routing procedure can occur after the pumps have been selected. For example, if two equal pumps are selected, the pumping
rate when only one pump is pumping most likely would be greater than one-half of the combined rate due to head losses in the piping system. Another refinement can be
made for the condition when all of the pumps have come on line and peak pumping conditions have been reached. The pump discharge curve can be adjusted to reflect
changes in the pumping caused by changes in the static head. However, it is noted that these refinements do not act on the side of safety.

Figure 4-16. Development of Inflow Mass Curve
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Figure 4-17. Mass Curve Routing Diagram

4-P Discussion
The designer now has a complete design that allows the problem to be studied in-depth. The peak rate of runoff has been reduced from 22 cfs, the inflow hydrograph peak,
to 14 cfs, the maximum pump discharge rate. A reduction of 46.5 percent is accomplished by providing for 8,500 cu. ft. of storage. This is only one possible design option.
The designer may wish to reduce the pumping rate further by providing more storage, and additional combinations of pump discharge and storage can be considered.

It is important that the designer visualize what is happening during the peak design period. To aid in this process, the pump discharge curve developed in Figure 4-17 can be
superimposed on the design inflow hydrograph (Figure 4-11), as shown in Figure 4-18, to obtain another picture of the routing process.

The shaded area between the curves represents storm water that is going into storage. Again, pump cycling at the end of the storm has been omitted in order to simplify the
illustration.



To complete the design, the designer should investigate more frequent storms (2-10 yr. recurrence interval) to evaluate pumping cycles during these storms. Less frequent
storms (100-yr. recurrence interval) should also be investigated to determine the amount of flooding that will occur.

Handling of sediment remains a difficult problem in pumping station design. Mechanical engineers prefer that as much sediment as possible be deposited in the storage
boxes and wet well to minimize wear on the pumps while maintenance engineers prefer that the sediment be passed through the system so that the station is as
maintenance-free as possible. While both of these goals may have merit, they are at cross purposes, and some trade-off must be obtained.

Since the velocity in the storage pipe is quite low (1-2 fps) sediment will tend to settle out in the storage pipe. Some engineers recommend a relatively steep slope of 1-2
percent to pass the sediment into the wet well. As a general statement, the steeper the grade, the better the sediment removal; however, the steeper grade may cause the
station wet well to be driven deeper into the ground, increasing its cost. A steep grade may also limit the length of pipe that would otherwise be available for storage.

It is difficult to analyze flow and sediment conditions in the storage pipe; one approach would be to investigate the "flushing case." Design publications recommend a
minimum velocity of 3 fps when the pipes are flowing full; however, in the pumping station case, the pumping rates determine the pipe velocity. For the "flushing case," it is
assumed that all main pumps have stopped and that the inflow rate is one-half of the smallest pumping rate to insure cycling. The slope of the storage pipe is then selected
to provide a velocity of at least 3 fps. The flushing case for the example is shown in Figure 4-19.

The selection of the storage pipe size and slope is an important element in the trial and error design procedure. Figure 4-19 provides design slopes of various sized concrete
pipe that will provide a velocity of 3 fps when flowing at a depth of D/8. While this criteria is quite rigorous, the resulting slopes for the larger pipes are still quite flat. If the
storage pipe is depressed or isolated from the upstream storm drainage, a minimum pipe grade of 0.35 percent is suggested to prevent low spots in the pipe.

In summary, the storage pipe and wet well should be designed to handle sediment; however, the pumping system should be designed to carry sediment-laden storm water in
case sediment removal does not occur in the wet well.

Figure 4-18. Pump Discharge



Figure 4-19. Flushing Conditions for Storage Pipe
Pipe Size

Inches
Pipe Slope

(ft/ft)
24
27
30
33
36
42
48
54
60
66
72
78
90
96

.0083

.0071
..0062
.0054
.0048
.0039
.0033
.0028
.0024
.0021
.0019
.00172
.00156
.00142
.00130

Trial Slopes
(3 FPS, 1/8

Full-flow, n=0.013)

Go to Chapter 5
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5-A General

Some authorities have developed their standard design for pump stations, usually suitable for
or adaptable to all conditions found within their area. Where no standards prevail, many options
are available to the designer in the selection of type of station and equipment. There may be
advantages or disadvantages associated with each option, leading to the necessity of
establishing as criteria the desired characteristics of numerous design features.

The selection procedure is to first establish the criteria and then to select from the options
available a combination which clearly meets the criteria. Cost, reliability, operating and
maintenance requirements are all important considerations when making the selection. It is
difficult and beyond the scope of this Manual to develop a totally objective selection procedure
to focus on the best or only acceptable solution to any hypothetical case, because of the
diverse elements and inputs to be considered. A degree of subjectivity will contribute to and
enhance the effectiveness of the selection process.

First costs are usually of more concern than operating costs in stormwater pump stations since
the operating periods during the year are relatively short. Ordinarily, first costs are minimized by
providing as much storage as possible, with two or three small pumps, electrically-driven. As a
guideline for selecting the number of pumps, the extremes of operating conditions can be
considered. In a very conservative approach, two pumps can be used, with the inlet system
designed to store most or all of the peak inflow. The pumps are both of the same size, but one
is sufficient for normal outflow. The second pump is held in reserve, not being required except
in case of breakdown or malfunction of the first. Pumps can be controlled to alternate starting
so as to equalize usage. At the other extreme three or more pumps can be used with minimum
storage, sufficient only to meet cycling requirements. The total capacity of the pumps must be
equal to the peak inflow to the station, without provision for any reserve capacity. Much larger
pumps would be required in the second case, assuming the same peak inflow. Most pump
stations will be designed on a basis which avoids these extremes. No reserve or stand-by
pumps are usually provided.

Special circumstances may dictate additional pumping units. Where a pump or driver failure
and subsequent flooding could cause extensive property damage, loss, or a hazard to lives, an
extra unit should be provided. Such extra units are often powered by natural gas engines which
assure operation in the event of a power failure. Substituting a greater number of smaller
pumps for fewer large pumps reduces the need for reserve units, since failure of any one pump
would be less significant. Often, there will be a reduction in the required pump pit depth with the
use of smaller pumps, which helps to compensate for the added cost of multiple units.

5-B Types of Station and Equipment



Although the criteria for the station design are to be first established, it is preferable for
familiarization to initially consider types of station and equipment. The eight types of standard
designs and examples illustrated in Chapter 2 - Review of Current Practice, may be considered
a sufficient basic variety of combinations capable of meeting all needs. This is especially so
when each type is expressed in two configurations, for a total of 16 type-variations. More
extensive variations could easily be developed, conceivably even hybrid combinations of
different types of pumps, but simplicity should govern and as a practical matter the selection
procedures of this Manual are therefore limited to the types illustrated. The types are combined
with the criteria in a matrix format to aid selection.

The types of station are:

2-B. Dry-Pit Example: (1) Two, or (2) Three, Horizontal Centrifugal Pumps with
Electric Motors.

2-C. Dry-Pit Example: (1) Two, or (2) Three or more, Vertical Centrifugal Angle-flow
Pumps with Electric Motors.

2-D. Wet-Pit Example: Circular Caisson with (1) Three, or (2) Multiple Vertical
Pumps with Electric Motors.

2-E. Wet-Pit Example: Circular Caisson with (1) Two, or (2) Three, Vertical Pumps
with Combination Drive -Electric Motors and Engines.

2-F. Wet-Pit Example: Rectangular Pit with (1) Multiple Vertical Pumps of two
different capacities with Electric Motors, or (2) similar Vertical Pumps, some with
Gas Engines and one or more with Electric Motors.

(Endless variations and alternates of pumps and drivers are possible with this type of station.)

2-G. Wet-Pit Example: Circular Pit with (1) Two, or (2) Three, Vertical Pumps with
Engines (LPG).

2-H. Wet-Pit Example: Structure, with (1) Two or (2) Three Screw-type Pumps, with
Electric Motors.

2-J. Wet-Pit Examples: (1) Two, or (2) Multiple Submersible Pumps, in Circular
Caisson or Rectangular Pit.

5-C Station Criteria
It is difficult to concisely and uniformly express diverse station design features in the form of
criteria, but the following is a listing of features to be considered. The listing should be of
assistance in making comparisons and selections.

The three categories a, b, or c are intended to convey a high, medium or low condition
respectively, and apply to all features except 22, which is a gathering of generally unrelated
special features which must not be overlooked, even if none is found to be applicable.



Station Design Capacity1.  

Maximum exceeding 300 cfs.  

Maximum between 100 and 300 cfsb.  

Maximum less than 100 cfsc.  

Station Design Head2.  

Over 35 feet TDH.  

Between 15 and 35 feet TDHb.  

Less than 15 feet TDHc.  

Storage Upstream of Pumps3.  

For velocity reduction, settlement of solids, minimizing equipment.  

Utilized if availableb.  

Not required or availablec.  

Quality of Water to be Pumped4.  

Turbid and sand-laden inflow.  

Moderate contaminationb.  

Minimal contaminationc.  

Inflow Rate5.  

Rapid increase.  

Normal hydrographb.  

Slow increasec.  

Weather Conditions6.  

Extreme cold in winter.  

Moderate wintersb.  

Mild winters, no freezingc.  

Discharge Conditions7.  

Long rising outfall from each pump.  

Short free outfall from each pump2.  

Limitation of discharge rate3.  

Sump Dewatering8.  

Sump pump required.  

Vacuum truck preferredb.  

No provisionc.  

Electric Power Reliability9.  

Completely dependable - dual service.  

Very dependable - single serviceb.  

Undependable - frequent outagesc.  

Natural Gas/LPG Desired as Fuel10.  



Completely dependable - dual service.  

Very dependable - good storageb.  

Not readily available - supply unreliablec.  

Station Siting11.  

Good access from frontage road or similar.  

Good access from highwayb.  

Poor access, alongside highwayc.  

Soil Conditions12.  

Rock.  

Hard, steep unshared cutsb.  

Clay or soft soilc.  

Foundation Conditions13.  

Acceptable bearing strata.  

Piling required for bearingb.  

Extensive dewatering with piling required because of upliftc.  

Above-Ground Structure14.  

Large acceptable.  

Modest preferredb.  

Smallest possible desiredc.  

Structure Visibility15.  

Large structure acceptable.  

Modest structure desiredb.  

Minimum only acceptablec.  

Initial Cost16.  

High capital cost acceptable.  

Moderate cost acceptableb.  

Lowest cost mandatoryc.  

Maintenance Capability17.  

Excellent with complex machinery.  

Reasonably goodb.  

Mediocrec.  

Operating Cost18.  

High cost acceptable.  

Moderate budget desiredb.  

Lowest budget desiredc.  

Equipment Handling Devices-Built-in19.  

Elaborate type considered essential.  



Simple type acceptableb.  

Minimum or none requiredc.  

Equipment Handling Devices-Mobile20.  

Use preferred for all requirements.  
Used to supplement built-inb.  
Not required due to elaborate built-inc.  

Trash Handling Devices21.  
Elaborate built-ins preferred.  

Simple built-ins found adequateb.  

Vacuum trucks preferredc.  

Special Features22.  

Pre-screening of debris from inflow.  
Vulnerability to hazardous spillsb.  
Epoxy coating and lining of pumpsc.  
Grease lubrication for pumpsd.  
Galvanizing of steelworke.  
Manifold to pressure dischargef.  
Sediment and hydrocarbon removal from dischargeg.  
Emergency generatorh.  
Supervisory control (telemetering)i.  

5-D Selection Procedure
In the selection of type of station and equipment, the designer will experience a number of
inputs from various sources in developing the criteria.

First are the site constraints, in other words, the items over which the designer has little or no
control. These would mainly be the items listed in 5-C under:

1.Station Design Capacity
2. Station Design Head
4. Quality of Water to be Pumped
5. Inflow Rate
6. Weather Conditions
7. Discharge Conditions
11. Station Siting
12. Soil Conditions
13. Foundation Conditions

The next consideration might be Item 3, Storage Upstream of Pumps. That is to study what



effects the addition of storage and the resulting reduced inflow rate would have on the design.
This would generally be the designer's own input as also might be Item 9, Electric Power
Reliability. If sufficiently reliable electrical power is available at a reasonable cost, the designer
would probably go with the option and eliminate the others from consideration; otherwise,
consideration for the use of engine driven pumps or standby generator may be necessary, Item
10, Natural Gas/LPG reliability. Items 14 and 15, Above Ground Structure, and Structure
Visibility, respectively, are more likely to rest with others than with the designer.

Operation and Maintenance may be expected to offer strong input regarding the items listed in
5-C under:

8. Sump Dewatering
17. Maintenance Capability
19. Equipment Handling Devices-Built-in
20. Equipment Handling Devices - Mobile
21. Trash Handling Devices
22. The Various Special Features

It is assumed that Administration will set requirements regarding Item 16, Initial Cost and Item
18, Operating Cost. For our example to follow, it is assumed that Administration has also
decided on inclusion of Item 22 (i) Supervisory Control (telemetering).

The following hypothetical example is described in narrative form so as to be more illustrative,
but the criteria items are covered in numerical sequence. Example: To drain a section of
highway running parallel to a tidal inlet, a pump station with discharge Q of about 75 cubic feet
per second is required, having a maximum total dynamic head of about 20 feet. The collection
system is extensive and provides good storage. Run-off is not highly silt-laden and
prescreening at grating inlets is to be provided. Inflow rate is normal and weather conditions not
severe, with long dry spells. A free discharge from pumps to receiving tidewater can be
provided, with station sited in the rear face of a levee which extends well above highest
recorded tides. Soils are clay with no severe foundation difficulties anticipated. Electrical power
is reliable, but single source, with no natural gas adjacent to site, so that electrically powered
pumps are preferred with stand-by emergency generator. Operation and Maintenance prefers
to dewater the sump with a view to minimizing corrosion, but sees little need for built-in
handling devices except a simple electric hoist or jib-crane for trash handling. The economy of
totally eliminating a protecting structure has been considered, but a simple low-profile enclosing
structure is favored with access easily provided from the top of the levee. This is in part due to
the desire for maximum protection against vandalism. Telemetering is to be installed, largely to
provide continuous intrusion alarm. It is considered that capital cost with the range of features
listed will be moderate and acceptable. An assessment of operating cost and the feasibility of
an emergency generator to run the entire station, if necessary, depends on data explained in
later Chapters, but simply stated here. Assuming a pump efficiency of 75%, three pumps of 75
hp would be suitable. An emergency generator capable of starting the third pump with two
pumps running would not be of excessive size or horsepower.

On the basis of the foregoing description of station features, the following Criteria Table is set
up:



1     (c) 7       (b) 13     (a) 19     (b)

2     (b) 8       (a) 14     (b) 20     (b)

3     (a) 9       (b) 15     (b) 21     (b)

4     (b) 10     (c) 16     (b) 22     (a)

5     (b) 11     (a) 17     (a) "        (c)

6     (b) 12     (c) 18     (b) "        (e)

"        (h)

"        (i)

5-E Selection Matrix

Figure 5-1 is a matrix which matches the 16 type-variations of station and equipment options
with the 22 items of criteria in a, b, or c other category.

To each match a rating on a scale of 0 to 9 is given, 0 being represented by a black dot.
Numerical values have been assigned with as much thought as possible, but some subjectivity
is inevitable, and uniformity of the meaning of values assigned for different features is difficult to
achieve. If a zero or black dot score is encountered at any point, that type of pump station
should be considered unsuitable. Whereas the highest total score is intended to indicate the
most suitable selection, it is more practical to consider that a score of 150 or more represents
an acceptable choice. The Detroit type station 2-D (1) with emergency generator scores 195
when considered against the Example in 5-D. The rectangular pit 2-F (1) scores 193.

The matrix should be used as a guide, not an absolute authority. But it is very helpful in
deciding between alternates and as a check list.



Figure 5-1. Selection Matrix (Part 1)



Figure 5-2. Selection Matrix (Part 2)
(Read in conjunction with Figure 5-1)



5-F Summary and Check List
The type of station selected must balance capital cost, operating cost, and reliability.  The following are
helpful in determining this balance:

Electrical power, the cheapest, should have dual service to minimize the risk of expensive service
interruptions. Where dual service is not available, an emergency generator is recommended.

1.  

Large engines running on natural gas are very reliable, but costly to install, particularly if a large
building and overhead crane are provided. Reliability is increased even more with on-site LPG
storage.

2.  

Reliable protection is afforded by smaller engines with LPG storage only, housed in a minimum
structure without overhead crane facilities. These drivers do not require expensive maintenance.
The capital cost will be higher than the cost of electric motors.

3.  

One gas-engine driven pump with two or more electric driven pumps of the same size provides a
compromise of annual energy costs at reasonable additional capital outlay, while enhancing
reliability.

4.  

The use of combination drive with electric motor and engine being interchangeable is not advised
unless a magnetic clutch is provided. This disengages the motor in the event of power failure and
the engine then starts automatically in response to sensing of water level.

5.  

All pumps for a given station should be of the same type, except for the sump or clean-up pump, if
used. Vertical pumps are the usual type, with a submersible sump pump.

6.  

Screw pumps provide an interesting and apparently cost effective solution, especially for the
lowest heads.

7.  

Three vertical motor-driven pumps or multiple submersible pumps with minimum sump
construction are the most cost effective. An emergency generator increases reliability.

8.  

The expense and complexity of manifolding a number of pump discharges into a single discharge
line is seldom warranted in normal stormwater pumping applications.

9.  

Simplicity in mechanical and electrical design reduces operating and maintenance costs, as
typified by the dry pit station with non-clog horizontal centrifugal pumps.

10.  

Go to Chapter 6
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6-A General
Examples of wet-pit stations were illustrated in Chapter 2 - Review of Current Practice. This chapter discusses the
design of wet-pit stations with attention concentrated on the pump pit configurations required or utilized for the various
types of pumps and pump settings. Consideration is also given to necessary details of the pumps and accessory
equipment which are installed. These details may vary from one type of wet-pit to another, even though the same basic
type of pump is used.

Pumps used in wet-pit pump stations are of three types vertical, screw or submersible. Vertical Pumps are the most
commonly used, and the Hydraulic Institute has conducted extensive research on the rectangular pits in which they are
usually installed. This has resulted in comprehensive dimensional criteria based on the pumps suitable for a particular
application. Because pump pits complying with these criteria were believed by other researchers to be deep and
expensive, they developed alternate criteria whereby shallower pits could be used. This involves modifying the pump
bells by adding suction umbrellas.

Sometimes vertical pumps are installed in circular caissons, and criteria for this type of wet-pit are also given in this
chapter. Screw pumps are frequently designed for 30° inclination and as this approximates to a 1-1/2:1 slope ratio, this
inclination is utilized and illustrated. For submersible pumps, a manufacturer has developed criteria which can be applied
when multiple pumps are used in a rectangular pit. These submersible pump criteria become important when the pumps
are in the larger sizes; for smaller submersible pumps it is satisfactory to use simple rectangular or circular pits, often
precast boxes or pipe sections.

The submersible pump is now also becoming available in a vertical propeller configuration, where in higher capacities at
lower heads it competes more directly with the conventional vertical pump. Similar types of pump pit configuration are
required.

This chapter is primarily descriptive in nature, comparing various types of wet-pit. Numerical examples based primarily
on Section 6-B will be found in Section 6-C and in Chapter 8, Chapter 9 and Chapter 15. An example on large



submersible pumps is included in Section 6-H.

All Units Below are in feet, ft2, ft/sec or gals./min



Ap = cross-sectional area of the pump column
B= maximum distance from centerline of pump to backwall
BB = backwall clearance without suction umbrella
BSU = backwall clearance with suction umbrella
C = bottom clearance (underside of bell to bottom of pit)
D = pump bell diameter (without suction umbrella)
DSU = pump suction umbrella diameter

g = acceleration of gravity - feet per second2

H = minimum dimension from minimum water-level to
       bottom of pit
∆h = pumping range for main pumps of station
hf = friction head losses
hp = column and elbow loss
hs = static head
hv = velocity head loss
M = spacing of pumps, center-to-center
n = Manning friction factor usually =.013, applicable to discharge
       pipe
Q = flow - G.P.M. for pumps - C.F.S. for inlet and discharge line
S = minimum submergence as required for proper pump
       operation
TDH = total dynamic head; total of static head, velocity head,
            friction and other losses
VB = velocity of flow at periphery of suction bell

VC = velocity of flow in pump column (use for velocity head, V2/2g)
VD = velocity of flow in discharge line(s)
VI = velocity of flow in inlet pipe
VSF =velocity of stream flow in pump pit
VSU =velocity of flow at periphery of suction umbrella
VTR = velocity of flow at trash rack

Figure 6-1. Pump Pit and Pumping Terminology



J = MINIMUM distance from trash rack to backwall (length of pump pit)
VSF = MAXIMUM velocity of stream flow (0.5 ft/sec recommended)
B = MAXIMUM distance from centerline of pump to backwall
C = AVERAGE dimension from underside of bell to bottom of pit
H = MINIMUM dimension from minimum water-level to bottom of pit
M = MINIMUM center-to-center spacing of pumps
Y = MINIMUM distance to pump centerline from downstream end of any
                        obstruction in sump (obstruction must be streamlined)

Figure 6-2. Recommended Pump Pit Dimensions Per Hydraulic Institute Standards



  



B= .75 D
BB = .25 D0

BSU
2 = .10 D

C = .50 D minimum
D = from manufacturers' data (varies)
DS = as required for VSU = 2 ft/sec (refer to Figure 6-5)
M = as Figure 6-2, but 2D minimum for motors and 10'-0' minimum
       recommended for engines
S = submergence requirement from manufacturers' data (varies)
Y + B = J min. (obstructions downstream of trashrack not recommended
             but may be necessary for support of engines)
VB = 4.0 ft/sec is usual maximum but may differ from one manufacturer
         to another
VC = 10.0 ft/sec maximum, less preferred
VD = 7.0 ft/sec recommended maximum
VI = 7.0 ft/sec recommended maximum
VSU = 2.0 ft/sec maximum, less recommended
VTR = 2.0 ft/sec maximum, less recommended
VSF = 2.0 ft/sec maximum, less recommended

Figure 6-3. Recommended Criteria for Rectangular Pump Pit Where Depth Is Minimized

6-B Vertical Pumps in Rectangular Pits
Figure 6-1 shows the relationships between pump, water levels, submergence and total dynamic head, with applicable
terminology explained. Figure 6-2 shows sump dimensions plotted against pump capacities. Figure 6-3 shows a typical
rectangular pump pit with various items and critical dimensions identified. The information set out in these three figures is
a composite which has been developed from the recommended criteria of the Hydraulic Institute Standards and further
research by Los Angeles County Flood Control District. If reference to original sources is desired, see the Hydraulic
Institute Standards themselves, and the Los Angeles Country Flood Control District Design Manual Pump Station, as
referenced in Appendix B - Bibliography.

The basic criteria of the Hydraulics Institute are shown in Figure 6-2 and their utilization is recommended, with the
proviso that the latest revisions be utilized, if differing from the examples or figures herein. Attention is drawn to the use



of symbol M for center-to-center spacing of pumps in lieu of S in the original. The symbol S, with or without sub-scripts, is
more appropriately used for pump submergence. Some other symbols are also changed to avoid incompatibilities
between the sets of criteria illustrated.

An important feature of the Hydraulic Institute and the Los Angeles County criteria is that water velocity in the pump pit
should be low and that the two or more pumps should be set at right angles to the direction of flow, with minimum
clearance between pumps and back wall. Pump submergence below low water level is equal to or greater than
manufacturers' published figures, except when suction umbrellas are used. Note that some manufacturers may use
smaller bells than others for pumps of the same capacity. Required submergence may also differ, in general varying
inversely with the bell diameter. Definition of terms will be found in Section 6-C and more details will be found in Chapter
9 - Pumps for Stormwater Applications.

The criteria emphasize an upstream trash rack and streamlined flow throughout the length of the pit, without
disturbances which would cause eddy currents and contribute to the formation of vortexes. Vertical columns may be
placed in the pump pit between the trash rack and the pumps, provided they are streamlined and dimensional limits are
observed. Sometimes these vertical elements are used to more directly channel the flow to the pumps, or to form cells
for individual pumps. On other occasions, their primary purpose is to provide direct support under engines or other
equipment which might otherwise cause vibration. Model tests formed an important part of the development of the
Hydraulic Institute criteria.

Research of the Los Angeles County Flood Control District, who also had the capacity to conduct model tests, was
directed in part to the use of umbrellas to reduce the submergence requirements and the required depth of the pump pit.
The length and breadth of the pit conform to the Hydraulic Institute recommendations but the District's Standards as set
forth in their Design Manual appear to represent that there should ideally be no obstruction in the pump pit between the
trash rack and the pumps to interfere with streamlined flow. When pumps are driven by reciprocating engines upstream
of the pumps, this may introduce an incompatibility. Such engines usually require direct vertical support beneath them to
absorb unbalanced vertical forces generated during their operation. Therefore vertical columns or walls of some
streamlined configuration should be provided under any engines utilized as pump drivers. It is inadvisable to carry
engines on members spanning as beams because dynamic effects may cause objectionable vibrations. Unless direct
support for engines by columns is provided, it is essential that deep members subject only to minimal flexural stress be
provided to transfer all forces to the exterior of the pump pit structure.

In the recommended configuration of a rectangular pump pit, the pumps are placed in a straight line perpendicular to the
direction of flow, with certain minimum spacings between pumps, depending on pump capacity and bell diameters. Ten
feet minimum spacing is recommended when pumps are driven by engines. Spacing can be less with motors, but to
meet electrical requirements at least 3 feet clear between motors is recommended. This is usually compatible with 2D
minimum shown for M in Figure 6-3. In a multiple pump installation, all pumps may have equal capacity, but as explained
in Chapter 4 - Collection Systems, study of the inflow hydrograph may indicate that pumps of two sizes would be more



suitable. Where more than one size of pump is selected, it is satisfactory to interpolate conservatively to determine the
minimum spacing between pumps. Smaller pumps will be closer to the backwall than larger pumps.

Clearance of pump bells from the backwall and from the bottom of the pit are closely controlled, as is the minimum
submergence of the pump bells below the lowest water surface. Failure to observe these recommendations can result in
a pump not operating satisfactorily, or in one pump interfering with the operation of another. This results in reduction in
performance below design levels, coupled with possible damage to pumps due to cavitation, a condition which is
described in Section 6-C.

Only when pumps are very small (about 5 cfs capacity) should an integral suction basket be considered. For larger
pumps, a trash rack is essential to protect the pumps by screening out objects large enough to cause damage. The
distance from trash rack to backwall should be a minimum of five pump bell diameters to ensure smooth flow to the
pumps. This should be checked against J in Figure 6-2 and Y & B in Figure 6-3. If inconsistencies result, it is better to
have a longer distance in front of the pumps. Backwall clearance must always be kept to a minimum.

The inlet drain line should be located on the station center-line with a symmetrical flared transition from the inlet drain
line to the full width of the rectangular pit. This reduces the velocity of the water approaching the pumps. Approximately
0.5 ft./sec. is desirable. This in turn encourages settlement of suspended solids on the bottom of the pit, reducing the
wear and-tear on the pumps. For flow velocities and quantities encountered in stormwater pump station design, the
divergence angle of the transition walls should be 45°. Where the invert of the inlet is above the bottom of the pump pit,
the bottom slab of the transition should slope down uniformly to the bottom of the pump pit. Provided the recommended
dimensional limits are observed, there will be an evenly distributed flow of water to the pumps.

Close attention must be paid to ensuring a streamlined flow and eliminating obstructions which cause eddy currents and
promote the formation of vortexes. Stairways, for instance, should not be located in the flow to the pumps. Vortexes are
a swirling action related to a partial vacuum in the pump bowl. They begin at the water surface and can become a hollow
piping drawn down through the water until air can enter the pump below the suction bell. A placid water surface helps
minimize vortexes. J.L. Dicmas, an independent researcher studying reduced submergence, related the effect of
vortexes to suction bell velocity and submergence. This is illustrated in Figure 6-4 and described in Section 6-C.

Vertical pumps are available with several different types of drive-shaft construction and lubrication. Pumps with oil
lubricated line-shaft bearings in an enclosing tube are to be preferred, but pumps with open shafts and grease lubricated
bearings have been successfully used. Vertical pumps in rectangular pits can be driven by electric motors or by engines.
With the usual size of pump that would be suitable, the permissible center-to-center spacing with electric motors would
be less than the ten-foot spacing recommended for access and clearance around engines .

With the emphasis on absence of obstructions in the water flow in shallow pits, there may be some reluctance to provide
interior columns to support engines, but without columns or other direct support, completely vibration-free operation is
unlikely. To provide a satisfactory minimum value of Y (Figure 6-2), the pump pit may need to be lengthened more than



would be required to meet other minimums. Longer-than-normal drive-shafts between engine and pump gear-head are
sometimes necessary so that the supporting column under the engine is far enough upstream from the pump. With
electric motors dimensional criteria can usually be satisfied with a shorter pit than would be required for engines.
Computations for sump dimensions to suit selected equipment are given in Chapter 15 - Station Design Calculations and
Layouts.

Rectangular pits are usually designed with a sump pump which can be used as needed to dewater the pit partially or
completely. Sometimes there will be a continual minor inflow of water into the station so that the sump pump will operate
frequently to discharge this. Sump pumps, sometimes termed low-flow pumps, are conveniently of submersible type and
need have a capacity of only 300 - 500 gpm. Because this discharge is very small compared with the main pumps, it is
usual to install a high-level cut-off switch to shut off the sump pump when the main pumps are operating.

Accumulations of trash upstream of the trash rack and deposits of mud and silt in the pit itself need to be removed as a
maintenance function. Adequate access, working room and hoisting equipment must be provided, with good water
supply.





Figure 6-4. Vortex Description and Submergence Requirements (courtesy of J.L. Dicmas)

6-C Submergence, NPSH, Non-Vortexing Criteria and Pump Pit
Depth
The definition of several terms is appropriate at this point for proper understanding of the manner in which a vertical
pump operates, and the necessity for maintaining conditions under which operation will be satisfactory. Referring to
Figure 6-1 and Figure 6-3, the pump bowl and impeller will be observed. The impeller rotates inside the bowl and imparts
energy to the water which is raised up the pump column. In order for this operation to be satisfactory, the submergence,
which is the distance from the water level to the underside of the pump bell, must be equal to or exceed a dimensional
value established and published by the pump manufacturer. The internal relationship of the impeller to the underside of
the pump bell is determined by the pump manufacturer and need not concern the pump station designer. He works with
the manufacturer's published dimension for submergence which has been determined to be the minimum sufficient to
avoid cavitation. This phenomenon is the condition of partial vacuum which occurs inside the pump bowl due to
insufficient net positive suction head caused by insufficient submergence of the bottom of the bowl below the water level.
As a result a vortex forms and air is drawn into the pump with the water. At the best, cavitation reduces the efficiency of
the pump performance; at the worst, it can cause severe damage to the pump by erosion of metal from the pump
impeller or bowl.

Another definition required at this point is the difference between the term propeller as used in Figure 6-1, and impeller
as used in Figure 6-3 and subsequently. A propeller, named because it is so shaped, is used in low-head axial-flow
vertical pumps; an impeller, of more complex shape, is used in mixed flow pumps required to operate at higher heads.
See Chapter 9 - Pumps for Stormwater Applications. Submergence, cavitation, vortexing and NPSH apply fully to both
propeller pumps and pumps with impellers. The terms propeller or impeller may be used interchangeably in this section.

Net positive suction head, NPSH, is the pressure required to prevent cavitation at the pump impeller. This required or
minimum NPSH is determined by test and is stated by the pump manufacturer. The operating or available NPSH must
be equal to or greater than the required NPSH if cavitation is to be prevented.

where:



Pa = absolute pressure at water surface
Pvp = vapor pressure of liquid being pumped corresponding to the temperature at the pump inlet
S = elevation difference between liquid level and impeller eye(positive or negative)
hf = friction head between suction line and impeller inlet

= density of liquid being pumped.

Note: Provision of sufficient NPSH should always be checked. It applies to all types of pumps.

The units in the above equation must be chosen so that each term represents feet of the fluid being pumped. For vertical
wet-pit pumps, hf can be ignored, and  is 1.0. When Dumping 70°F water at sea level, an NPSH of 33 feet is equivalent
to zero water depth over the impeller eye. If the NPSH required by the pump is greater than 33 feet, the difference is the
required water depth over the impeller eye. Note that the manufacturer states his required submergence which the pump
station designer must provide or exceed. The designer is not directly concerned with the numerical value of NPSH which
is discussed here solely for better understanding of pump operation. It may be likened to a person drinking a fluid
through a straw by creating internal suction. Within limitations, atmospheric pressure will force the fluid up the straw.



Figure 6-5. Required Suction Umbrella Diameter for Pump Inflow Not Exceeding 2 ft/sec

J.L. Dicmas in his work provided a relationship between the velocity of the water at the periphery of the suction bell, and
the submergence requirement in terms of the suction bell diameter. In general, the greater velocity the greater the
submergence required. Referring to Figure 6-4, it will be seen that Dicmas described three types of vortex:

Type I vortexes are the very start of vortex action as tiny bubbles of air are pulled into the pump. They are not
detrimental to pump performance.

Type II vortexes form for less than 30 seconds and pull air and floating debris into the pump, intermittently



affecting capacity and horsepower.

Type III vortexes are continuous and allow large amounts of air and debris into the pump accompanied by
sucking noise. This is the cavitation condition, which is to be avoided.

Pump operation should be in the no-vortex range if possible. However, excursions into the Type I range are permissible
and may occur when the pump-pit depth is minimized by the use of suction umbrellas, as described in Section 6-B, and
explained in more detail hereunder.

The suction bell velocity is used in determining submergence requirements for non-vortexing. 4.0 ft./sec. is the usual
maximum as shown in Figure 6-3, resulting in a required submergence of about 1.5D,see Figure 6-4.

The suction bell velocity is given by

where:

VB = suction bell velocity, fps
D = bell diameter, ft.

The pump discharge at the minimum water surface elevation should be used in calculating bell velocity. This discharge
and the resulting bell velocity will be less than at design water level. See Chapter 4, Section 4-I. Even so, it becomes
evident that the standard manufactured pump bell is too small in diameter to provide the minimum submergence which is
necessary to reduce the pump pit to minimum depth. Therefore a pump bell is frequently enlarged by the use of an
umbrella, which is a dished or flat plate bolted to the underside of the pump bell. The umbrella is sized so that the
velocity of water at its periphery is not more than 2 feet per second. Figure 6-5 relates standard umbrella diameters to
pump capacity, based on this velocity. Other figures in Chapter 9 - Pumps for Stormwater Applications, illustrate the
actual pumps and their components, and accessories such as umbrellas.

Therefore, as an alternate approach to the manufacturer's required submergence, the following non-vortexing criteria
may be used. They apply only to rectangular pits with vertical pumps, and depend on suction umbrellas. The umbrellas
are used to lower the inlet velocity and reduce the submergence requirements. They should be employed whenever the
reduction in submergence will allow a more economical pump pit. When suction umbrellas are used, a
submergence-to-bell diameter (S/D) ratio of 0.8 may be used, or 0.85 to be conservative.

Sometimes the inlet velocity cannot be reduced to two feet per second because of insufficient pump spacing. In such
cases, the umbrella may be made smaller in diameter but the submergence must be correspondingly increased. Two



hypothetical operating circumstances meeting the no-vortex condition can be investigated:
For a 24" mixed flow pump, bell diameter is 33-1/2" and bell area is 6.12 ft.2. At a flow of 15,000 gpm (33.33 cfs)
suction bell velocity V is 5.44 ft./sec. From Figure 6-4, a value of S>D of 1.80 is required for the no-vortex range.
Therefore submergence requirement is 1.80 x 33-1/2 = 60.3". Manufacturer recommends 59" minimum
submergence.

.  

With the same pump use a suction umbrella 60" in diameter (see Figure 6-5). Umbrella area is 19.63 ft.2 and VB is
1.69 ft./sec. Submergence can be reduced to 0.80 bell diameter, say 27".

b.  

There is therefore a possible saving on the pit depth of approximately 33 inches.

A numerical example can now be constructed, based on the station shown in Figure 4-9, for which storage and cycling
computations were made. The first pump (Pump No. 1) with 27 cfs capacity at design head was shown with ∆h = 1.96
feet and a pump-stop level of El. -9.01. A discounted Q of 25 cfs may be used on account of operation at minimum water
level being considered. Using 25 cfs and an umbrella diameter of 48 inches results in VB = 1.99 ft./sec. < 2.0. This can
be verified from Figure 6-5. A suitable pump selected from a manufacturer's catalog on the basis of design Q and design
head has a bell diameter D of 34 inches. Using 0.8D, the submergence required is 27.2 inches = 2.27 feet. Bottom
clearance C (Figure 6-3) is 0.50D = 17 inches = 1.42 feet. Therefore, elevation of bottom of pump pit to suit Pump No. 1
is El. -9.01 - 2.27 - 1.42 = -12.70 minimum.

However, we are also concerned with the staging of the other pumps. Chapter 15 - Station Design Calculations and
Layouts will show that Pump No. 2 stop-level is El. -8.05. This pump, selected as above, has a bell diameter D of 48
inches and an umbrella diameter of 72". 0.80D Submergence is 3.20 feet and bottom clearance is 0.50D = 2.0 feet.
Therefore, the elevation of bottom of pit to suit Pump No. 2 is El. -8.05 -3.20 - 2.0 = El. -13.25 minimum. In the actual
construction, a bottom elevation of -14.22 was used at the perimeter of the pump pit slab, sloping down to -14.50 to drain
into the sump pump pit. An S/D ratio of .85 was used in the design but bottom clearance was allowed to govern and
actual S/D was 1.04.

A circumstance which also adds its complications is that different manufacturers often have different established
diameters for the bowls of pumps of the same capacity, and different requirements for submergence. As an example,
four different makes of mixed flow pumps delivering 23,000 gpm at 24.5 tdh had bowl diameters varying from 37 inches
to 48 inches. Since any one of the makes would meet specifications, it was necessary in the design to provide for this
variation. Also, for the same size of pump, bowls for propeller pumps are larger than for mixed flow pumps. Since a
suction umbrella sizing based on velocity of 2 ft./sec. is recommended, it would be possible to rewrite backwall and
bottom clearances in terms of umbrella diameters based on this velocity.

To summarize, it will be realized that it is a complex procedure to effectively optimize storage, pumping equipment,



drivers and pump pit dimensions when vertical pumps are to be installed in a rectangular pit of minimum depth. Model
testing as recommended by the Hydraulic Institute may be desirable to verify satisfactory operation prior to completion of
construction plans and specifications, unless above criteria have been closely followed.

6-D Vertical Electric Pumps in Circular Caissons

A caisson is a hollow structure below the surrounding ground level. It may be of circular, rectangular or more complex
shape on plan and may be constructed in various ways using poured concrete, cast-iron rings, steel sheet piling or
precast concrete pipe. In this example, we will consider the circular type constructed by pouring a concrete ring wall at or
above grade, then excavating inside the ring to cause it to sink into the ground. By adding concrete and continuing to
excavate the bottom of the exterior structure will reach the intended elevation. At this point, the bottom is sealed, and the
hollow shaft or pit is created, with internal work as required. The above-grade construction may be of the same circular
plan and dimensions if sufficient floor area is provided. Figure 2-8 through Figure 2-10 illustrate a small station of this
type. Figure 2-11 through Figure 2-13 show how the superstructure is readily enlarged to provide more area for
equipment. Three to five pumps, all of the same size, are usually installed. Upstream storage can be provided as shown
in Figure 4-6 and in the example referenced, the usable storage is ample to satisfy cycling criteria. If storage were
minimal and cycling a problem, there is no reason why a smaller pump should not be used to start. If two small pumps
were used, symmetry could be preserved and alternating of starting could be arranged.

Due to the layout of the pit, the inflow from the storm drain is forced to bifurcate and flow more or less equally in opposite
directions around the circular centerline of the pumps, after passing through the trash racks. This effect and flow pattern
is vastly different from the recommendations of the Hydraulic Institute in regard to rectangular pump pits, but the
resulting operation is completely effective. It appears to depend primarily on providing ample submergence for the
pumps which can be readily obtained by deepening the caisson. This is usually a minor cost. Criteria relating station
capacity and dimensions, pump size and spacing, submergence and bottom clearance were lacking until developed
specifically for this Manual by J.L. Dicmas, as shown in Figure 6-6.

Many circular caisson wet-pit stations have been built without sump pumps to dewater them. The pump bowls and bells
remain immersed below the low water level, unless a sump pump or ejector device is provided. Immersion is
undoubtedly detrimental to the pumps, although no specific data is available. Of particular concern are periods of low
flow where salt-laden run-off will stand in the wet well. Significant amounts of sand and silt may also accumulate. A
preferred treatment is to remove the standing water. A sump pump may repay its cost by cleaning the station of
accretions and by reducing wear and corrosion of the main pumps.

Because of the relatively small trash and debris storage capability provided in the caisson it is important to design the
trashracks so they can be easily maintained. Access ladders, manholes, power operated crane hoists and provision for
debris disposal must be built into the design. It is also important to have access to the area around the pump intakes as
sand and silt may collect there.



The caisson has a very small hydraulic storage and maximum storm drain inlet velocities of the order of 7 feet per
second may occur. Therefore a great deal of the sand and silt that enters a station of this type passes immediately
through the pumps. For this reason, the pumps should have special features differing from pumps for a rectangular pit.
They should have a lineshaft enclosing tube packed with a light hydraulic grease instead of the usual drip oiler system,
and should have individual grease lines with Alemite fittings for each pump bowl bearing, with grease seals to limit
entrance of silt. The usual pump bypass port should also be modified to accept a grease line and fittings. Mixed flow
pumps should be used exclusively at reduced speeds, if necessary, rather than axial flow propeller pumps. See Chapter
9 - Pumps for Stormwater Applications. Impellers should be cast in aluminum bronze or similar abrasion resisting alloy.
Compared with the rectangular pump pit, the caisson configuration provides simpler design solutions, but much of the
text in Section 6-B and Section 6-C will help basic understanding and should not be ignored.

Note also that the rectangular wet pit and the storage-box shown for the dry-pit stations in Figure 2-2 and Figure 2-3
provide for depositing grit, debris and suspended solids upstream of the pumps. This results in a cleaner effluent,
important where water quality is a consideration. By contrast, a downstream separation structure was required for the
large caisson-type wet pit station shown in Figure 2-14 in order to satisfy environmental considerations.



Notes:

- Depth of water between highwater line and low water line should be
determined by minimum storage requirement to allow for normal motor
"on-off" cycling.

- Inlet diameter and trashback area are based on maximum station gallons per
minute.

- Face of buttress causes bifurcation of inflow

Figure 6-6. Criteria for Spacing and Submergence of Vertical Pumps in Circular Caisson-Type Pump Station

6-E Circular Caissons with Engine-Driven Vertical Pumps
Two designs utilizing caisson construction with engine-driven pumps are illustrated in Chapter 2 - Review of Current
Practice. See Figure 2-15 through Figure 2-17 and Figure 2-20 through Figure 2-23. The specific criteria used for pump
spacing and submergence in these stations is not known. Generous submergence appears to be the primary reason for
the good performance level reported. Accommodating the pumps in a circular caisson is not difficult, but when engines
are used as drivers, more area is required. Consequently the engines are housed in a separate above-ground
rectangular structure. This may be concentric with the caisson or may be suitably offset to provide necessary clearances.
The design illustrated in Figure 2-15 through Figure 2-17 utilizes true caisson construction; that is, the concrete sections
are sunk into the ground. The invert of the storm drain inlet is set well above the bottom slab of the caisson and there is
ample submergence for the pumps. A baffle wall is constructed on the centerline of the pump pit, thus limiting the
influence of one pump on the other. A deflector wall constructed near the mouth of the storm drain inlet divides the flow
between the two pumps.

The design illustrated in Figure 2-20 through Figure 2-23 utilizes a circular pit. Only minimal usable storage results in the
example shown, which is in accordance with design data. See Figure 4-7. Rapid cycling has been observed in operation.
However, if the first pump start level were raised closer to the assumed design water level, the usable storage and the
cycling time could be substantially increased. Since pump start-stop elevations are easily changed as an operating and
maintenance function, this may have been done.

The pump bowls are set in a small pit or sump below the main bottom slab of the circular pit. This provides greater
submergence for the pumps, but also serves to accumulate sand, silt and grit with potentially harmful effects on the
pumps. Grease lubrication and other features as set forth in Section 6-D would be recommended. The curved trash rack
which is only large enough to cover the pump sump appears to be susceptible to blockage; a vertical or steeply sloped
trash rack near the drain inlet is preferable.



A submersible low-flow pump serves to dewater the sump, but the small diameter discharge riser is susceptible to
blockage by grit and rock particles, particularly since it has several elbows which restrict the flow. Enlargement of the
discharge line and the elimination of elbows would be helpful. There should also be a flexible hose or slip-joint
connection with guide-pipes to facilitate sump pump removal for inspection and maintenance.

A number of stations to this standard design have been constructed. Caisson construction may have been used or
intended but Figure 6-7 shows construction in progress in open-cut. Hard soil which can safely stand on a steep cut is
favorable to this type of construction.

Figure 6-7. Circular Pit Construction in Open Cut Where Soil Is Favorable



Figure 6-8. Rectangular Pit Vertical Pumps Under Test by Recirculating Through Discharge Manifold

6-F Screw Pump Structures
Figure 2-24 and Figure 2-25 illustrate an enclosed structure which is rectangular in side elevation. Inlet, trash rack and
stairway will be observed for a two-pump arrangement. An inlet transition is recommended with splay walls at 45°,-
combined with a trash rack across the entire width of all the screws installed. Figure 6-9 gives general data drawn from
manufacturers' catalogs. In the figure, the distance between the trash rack and the touch-point has been exaggerated to
display the hydraulic relationship. Notes address other pertinent features.

An access stairway is usually constructed between a pair of screws, or in the case of multiple screws, sufficient stairways
are provided for access to each screw. All screws should be covered for safety and handrails must be provided on the
stairways. It would be possible to construct a pump station with screw pumps more or less concealed in the side slope of
a cut section, with the storage box below the pavement, inflow basin at the shoulder, and low profile screw pump
installation set in the side slope, without the rectangular structure. The motor-room would be at the top of the slope, with
frontage road access, similar to Figure 2-7. This would appear to be a cost-effective and reliable type of installation.

There is some limitation on the operating head of the screw pumps which is a function of the length and deflection of the
screw. Larger screws are capable of spanning greater lengths and lifting through greater heads. Twenty-five feet of static
lift is considered to be a maximum; this would suit many highway conditions.



A gravity discharge into a receiving channel or drain line is essential, since there is no capability of pumping through
check valves into a manifold and discharge line under pressure.

Although domestic manufacturers of this type of pump refer only to electric motor drive, a foreign manufacturer shows
details of diesel engine drive through a reduction gear. An emergency generator could be installed, or it would be
possible to install natural gas engines to drive screw pumps if this type of driver is preferred because of reliability.

INFLOW BASIN
Inflow basin should be of sufficient size to
reduce velocity of inflow so that suspended
solids will be deposited.  Basin slopes may
slope toward touch point of screws and may
be drained by sump with small sump pump.

SCREW PUMP OPERATION
The filling point is the intake water level at
which the screw pump reaches its full
capacity, best efficiency and high power
consumption.  If level rises above this point,
capacity remains unchanged but power
consumption and efficiency will decrease.   If
level falls below the filling point, capacity,
efficiency, and power consumption will be
reduced.  If level falls below the touchpoint,
pumping will cease.



Figure 6-9. Hydraulic and Construction Details for Screw Pumps

6-G Caissons or Pits for Small Submersible Pumps
Compared with the other types of pump discussed in this chapter, small submersible pumps create fewer problems and
less expense in the construction of a suitable pump pit. Figure 2-28 shows the use of large diameter precast concrete
pipe as a caisson to accommodate five pumps. In addition to providing for low-flow conditions, the setting of the pumps
at different elevations is a precaution in case of build-up of sand or silt in the bottom of the pit, lessening the number of
pumps subject to risk of damage from this cause. Usually there will be a minimum of two pumps, but conceivably there
are circumstances where a single pump would be satisfactory.

For very small stations with only one or two pumps, smaller circular pits can be constructed of concrete pipe, as



illustrated in Figure 6-10. Pumps can discharge through flexible hoses, or through rigid pipe with a slip-joint connection at
the pump. With either arrangement, any pump can be withdrawn as necessary for inspection or maintenance. In the one
case, the pump is removed by raising it up vertical guide pipes reaching the full height of the pit. In the other case, the
flexibility of the discharge line permits removal. Other illustrations in Chapter 2 show a rectangular pit for four pumps of
two different sizes, and a rectangular pit with a trash rack suitable for horizontal submersible pumps.

With small design inflows and with little sand or silt, special design considerations can be minimal. Rectangular pits with
irregularly spaced inlets may be used, as shown in Figure 2-26. Setting the pumps at differing elevations is
advantageous, provided a correct start/stop sequence is also developed.

Since this type of pump is frequently used for sewage flows where the incidence of sand and silt is less, the designer
should not be misled by illustrations in manufacturers' catalogs and attempt to apply details to stormwater which are
more suited to sewage. These are small storage and retention time to avoid septicity and a lack of need to usually
consider heavy sand and silt inflows.

Submersible pumps are usually the vertical type which has a bottom suction and side discharge, the motor being
mounted vertically above the pump volute. The impeller is directly mounted on the motor shaft extension. In a newer
concept specifically applicable to stormwater, the motor is mounted horizontally and drives a propeller. Water is drawn
axially past the motor and through the propeller into the discharge line. The ease of withdrawing any pump for inspection
and maintenance and any necessary repair is a significant advantage with either type of submersible pump. However,
this advantage is sometimes coupled with necessity, because if fluidizing precautions are not observed, then the sand,
silt and other debris entering the station may cause the pumps to be damaged.

Submersible pumps of the vertical type have impellers either of full or partially recessed type, or, in any case, of a
non-clog type not generally susceptible to damage by solids. However, sand or silt entering the pit or caisson through the
inlet line presents a definite hazard in operation which is frequently overlooked. When this inflow build-up or accretion
reaches sufficient quantity, the pumps may become entirely blinded-off, and the whole station rendered inoperable.

Removal and repair or replacement of the pumps and cleaning-out of the station then becomes necessary. This is an
expensive procedure, and the station would be out of service. In the case of the simple pit or caisson, it is obviously
desirable to provide an agitating system to ensure that the pump always handles a fluid mixture and the pit is continually
cleansed. This is quite easily done by piping potable water into the caisson and installing a spray ring system to agitate
the sand and silt prior to pump start. If no piped water supply is available, then a very small submersible pump mounted
well above the pit bottom can be used to recycle the stormwater for the same purpose before main pump start. In any
case, the passage of-sand and silt through the pumps must be tolerated as there is no attempt to settle out this foreign
material nor to screen out large floating debris at the station, except with the horizontal type of pump where this is
facilitated. Inlet gratings, as referred to in Chapter 4 - Collection Systems, must be relied on for the screening function.

Storage and cycling should be regarded differently when submersible pumps are used. Storage may be minimized



because small submersible motors can tolerate much more frequent starting, as many as fifteen times per hour. This is
due to the cooling effect of the water on the motor which is not normally exposed to ambient air temperatures. Reduced
storage and wet well dimensions lead to higher self-cleansing velocities which may reduce accretions, but the agitator
spray ring is a simple device which is recommended. Details will be found in Chapter 14 - Construction Details.

Figure 6-10. Small Submersible Pump Arrangements

6-H Pits and Large Submersible Pumps
Concurrently with the increasing size of submersible pumps, there has been effective research on configurations of
rectangular pump pits which provide the best possible conditions of flow into and through the pit, and consequently the
best possible pump performance.



There is a need to depart from the use of the very simplest pit or caisson configurations as the size of pumps and
capacity of the station increases. An inlet chamber with baffle wall is recommended to prevent the inflow from directly
splashing into the pump chamber and entraining air with it. A self-cleansing action is obtained both for the inlet chamber
and the pump chamber based on minimizing dimensions as far as possible. The avoidance of eddy currents and
vortices, the spacing of the pumps, and their clearance from walls has been as closely observed and researched as has
been done for vertical pumps by the Hydraulics Institute. The research was sponsored by and is reproduced by courtesy
of Flygt Corporation.

The pumping station configuration which has been tested and is recommended by Flygt is shown in Figure 6-11 and
Figure 6-12. Dimensional data related to pump discharge in gallons per minutes are shown in Figure 6-13. The pump pit
volumes presented herein must be regarded as minimums for satisfactory operation under the most unfavorable
conditions, namely when the inflow to the sump is half the output capacity of the pump. This case results in the maximum
number of starts per hour. The maximum allowable number of starts may be as many as ten with large submersible
pumps. This is not as many as with the small pumps, but still reflects the beneficial cooling effect of the water. This
permissible increase in cycling leads, of course, to reduced storage requirements and so to less anticipated construction
cost. Note that the pump pit is intended to be minimized in size to avoid settlement, at the expense of effluent quality. Of
course, if settlement was to be encouraged, the pump pit could be enlarged and the possibility of agitator spray rings
considered.



Figure 6-11. Plan of Station with Four Large Submersible Pumps Manifolded into Common Discharge
(Courtesy of Flygt Corporation)



Figure 6-12. Section Through Station with Four Large Submersible Pumps
(Courtesy of Flygt Corporation)



A= Upstream wall of station to centerline of pumps

B= Center-to-center spacing of pumps.  (Clearance between casings
never less than 8 inches.)



C= Centerline of end pump to inside of side wall.  (Clearance between
casing and side wall never less than 4 inches.)

D= Projection of inlet line into station from upstream wall and plan and
vertical dimension of bottom openings in inlet trough.

E= Length of inlet through in direction of flow.

See Figures 6-11 and 6-12 for illustration of above.

Figure 6-13. Design of Large Submersible Pump Stations
(Courtesy of Flygt Corporation)



Figure 6-14. Pump Station with 13 Submersible Pumps Each 12000 G.P.M. at 28 Ft. TDH with 122 HP Motor
(Courtesy of Flygt Corporation)

The distinction between what is a small submersible pump and what is a large pump is not clearly defined, but use of
Figure 6-13 appears to lead to values of B (pump spacing) less than the pump volute dimension as capacities decrease.
It is assumed that this denotes a break-point above which the large pump criteria should be used.

Other configurations have tested where the relationship of the inlet line to the pumps was far less favorable, such as
from one side of the station or from one side of the station and at the bottom of the pump pit. A symmetrical flared
configuration similar to Figure 6-3 could also be used. This is illustrated in Figure 6-14. Note always that the emphasis is
on self cleansing action, not sedimentation.

Referring again to Figure 6-11 and Figure 6-12, the inlet pipe need not be located centrally in the wall opposite the
pumps though it is advantageous to locate it somewhere in the middle region. The overhang of the pipe should be
selected so that the water which enters under conditions of high inflow strikes the vertical partition wall before it is
deflected to the bottom of the inlet settling chamber. In the case of reduced inflows and low water level, the water must
not fall directly onto the openings in the bottom of the inlet chamber.

The vertical wall located in front of the inlet pipe prevents the incoming water from splashing directly into the pump
chamber and entraining air with it. The kinetic energy of the water is reduced when it strikes the wall, and satisfactory
deaeration takes place in the inlet chamber.

The top of the partition wall between the inlet chamber and the pump chamber should be slightly higher than the center
line of the inlet pipe. Overflow weirs can, if necessary, be provided on the sides to prevent the water from backing-up into
the inlet pipe under conditions of high incoming flows and a high water level in the inlet chamber. See Figure 6-12.



These overflow weirs also prevent any scum from collecting in the inlet chamber. When the water level is high, this
floating material can flow over to the pump chamber and be pumped away.

The design of the pump chamber ensures an even flow of water to the pumps without vortices or eddies. The inflow is
distributed through the holes in the bottom of the inlet chamber opposite each pump.

In order to prevent the formation of air-entraining vortices between the outer pump and the side wall, the wall has been
brought closer to the pump for a vertical distance half that of the stator casing (Dimension F in Figure 6-12).

Any air bubbles which enter with the water into the pump chamber rise upwards along the sloping underside of the inlet
settling chamber and escape from the surface of the water near the vertical partition wall.

Since the water is in motion everywhere, there is little risk of sedimentation so long as the minimum recommended
dimensions are not exceeded by a significant amount.

The best dimension to increase in order to obtain a larger sump volume is the distance from the inlet chamber to the
pumps (Dimension A, Figure 6-11). Since the water flows to the pumps over this path, sedimentation is unlikely.

The model tests have shown that any bases or supporting structures in the form of walls etc., underneath the partition
wall and the bottom of the inlet chamber cause eddy turbulence which then spreads to the pumps. Such structural
components should therefore be avoided.

The minimum water level in the pump chamber, i.e., the minimum stop level for the pumps, must be high enough so that
the square holes in the bottom of the inlet chamber are always submerged (Dimension G, Figure 6-12). In addition, it
should be noted that the lowest water level is determined by the required NPSH for the pump and in any event this
should not be lower than the top of the pump volutes.

Figure 6-11 and Figure 6-12 show a plan and vertical section through a pump station, illustrating the design which has
been verified by tests with one, two, three and four pumps. The dimensions of the station are determined by the number
and physical size of the pumps, and by the output capacity per pump. Dimensions A, B, C, D and E are presented as
functions of the output capacity per pump in Figure 6-13. They can be used to determine the plan area of the pump pit. If
the available height is sufficient, the required sump volume is usually obtained by increasing the Dimension A.

All dimensions fixing the location of the pump in relation to the discharge connection base and the distance between the
bottom of the pump sump and the pump inlet are specified in the manufacturer's catalog.

Figure 6-11 through Figure 6-13, together with the preceding text on pits for large submersible pumps, introduce the
dependence which the designer must place on acquiring and utilizing manufacturers' published data in the selection of
equipment and the design of any pump station. The use of this data is continued in the following numerical example,
where the dimensions of a hypothetical station with four large submersible pumps can be determined. Each pump is to



be capable of discharging 23.5 cfs (10,550 gpm) at a total dynamic head of 20 feet, making the example comparable
with the assumptions made for the wet-pit station shown in Figure 4-7, which had a caisson 26 feet in diameter, and a Q
of 94 cfs, with two pumps.

From Flygt Corporation catalog, 20" C-3500 pumps are suitable. Bottom clearance is 16-3/4" and half-height of pump
stator, Dimension F. is taken as 6'-3". From Figure 6-13, A = 12'-6", B = 5'-8", C = 2'-10", D = 1'-10", E = 6'-0". Pump
Center Line to riser Center Line = 5'-6". Riser Center Line to backwall is taken as 3'-0".

Referring to Figure 6-11, tan 15° (E + 8" baffle wall) = 1'-10"

Station Width = 2 (1'-10") + 3B + 2C = 26'-4"

Station Length = 12'-6" + 5'-6" + 3'-0" = 20'-6"

Internal Area = 540 sq. ft.

Internal Area of caisson = 262 x .7854 = 531 sq. ft.

Therefore, the area of the rectangular pit and the caisson are virtually the same and an interesting comparison can be
made between the different types of pumps and drivers. In Figure 4-7 the cycle time for two pumps is shown to be very
short (3.34 mine.) and not suitable for conventional electric motors. With the four submersible pumps, the critical inflow
Qi would be reduced to 11.75 cfs and the cycling time correspondingly doubled to 6.67 minutes. This would meet criteria
for an allowable ten starts per hour with this type of submersible pump. In a sense this comparison justifies the claim that
the shorter permissible cycling time of the submersible pump results in less cost of construction.

An example of a very large station utilizing multiple submersible pumps is shown in Figure 6-14. This station would have
a total discharge capacity of approximately 350 cubic feet per second, depending on the design water level. It is not
known whether this station has actually been constructed, but the proposal is referenced to European practice, where it
is claimed by the manufacturers that the submersible pump in its larger versions has now replaced the vertical centrifugal
pump as the most favored type of pump for stormwater service.

The pump spacing, backwall and bottom clearance, and the general configuration of the pump pit show a remarkable
similarity to the requirements and criteria for vertical pumps. However, the overall arrangement is simpler. There is an
obvious advantage from an operating and maintenance standpoint of having multiple units of the same type, easily
removable for maintenance without seriously reducing the capability of the station. A trash rack is not shown, but the
actual construction would presumably include such a feature, and other accessories of various sorts.

Large capacity vertical axial-flow submersible pumps using a propeller in a vertical tube body are now becoming
available and may be considered for heads up to about thirty feet. The concept, together with some relevant detail is
shown with other submersible pumps in Chapter 9 - Pumps for Stormwater Applications. These vertical propeller-type



submersible pumps compete directly with the conventional vertical pump. Research shows that pump spacing,
submergence requirements and pit configuration are much as for the conventional vertical pump. However, the design is
simpler and the installation less expensive, in part because of reduced cycling time and consequently less storage
requirement.

6-I Access, Safety and Miscellaneous Equipment
Most stormwater pump stations of the wet-pit type will have no open forebay or natural ventilation. Hydrocarbons washed
off pavements are thus conveyed directly to the stations and the possibility of the creation of explosive mixtures exists. It
is therefore essential that the motor room be completely sealed off from the pump pit or chamber. Gasketed floor plates
or bulkhead doors are required, and means must be provided for operating personnel to test the atmosphere before
entering the pump pit.

Stairways are preferred to ladders for access into stations where the pump or engine room floor is not at grade.
Stairways are preferable for access to pump pits or other lower chambers in the station. If ladders are used, safety cages
and landings should be provided if needed for compliance with safety regulations.

Details of stairways, trash-racks, hoisting equipment and many miscellaneous items required in the construction of a
pump station will be found in Chapter 14 - Construction Details.

Go to Chapter 7
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7-A General
Examples of dry-pit stations were illustrated in Chapter 2 - Review of Current Practice. This
chapter discusses the design of dry-pit stations with attention concentrated on the pump pit
configurations developed by the State of California, where an adjacent underground storage
box (or wet-well) is an integral and indispensable part of the design. Note that the storage-box
(wet-well) is normally separated from the pump-pit (dry-well) by a distance of about forty feet,
being connected only by a suction line for each pump. The forty feet corresponds to the
side-slope of a depressed freeway section but the separation could be more or less depending
on site conditions. Emphasis is placed on providing considerable storage in relation to runoff,
resulting in a significant reduction in pumping capacity and simplicity in mechanical and
electrical details.

Appropriate attention is also given to the type of dry-pit station which combines wet-well and
dry-well integrally in one structure set deep below grade. Pumps with vertical shafts are located
at the bottom of the dry-well and take suction directly from the wet-well alongside and
upstream. Pump motors are set above grade and long shafts connect to the pumps. Although it
is not typical of all cases, the station illustrated in Figure 2-5 and Figure 2-6 has all pump
discharges manifolded into a single discharge line to the receiving channel. The result is a
complex electro-mechanical system in a massive subterranean structure, creating a solution
too complicated, too expensive and unattractive for most highway applications. This type of
installation would appear to be more applicable to pumping main sewerage flows rather than
stormwater, but applications have been justifiable, therefore reasonable detail is included.

As with Chapter 6, this chapter is primarily descriptive in nature, but some numerical examples
are given based on the State of California design. Data in Chapter 8 - Pumping and Discharge
Systems and in Chapter 9 - Pumps for Stormwater Applications will be also found appropriate.

7-B Storage Boxes for Dry-Pit Stations with
Horizontal Centrifugal Pump
In the State of California design, the wet-well consists of a large storage box under or adjacent
to the pavement (see Section 2-B). The storage box is similar to a multiple-barrel culvert and



settlement of solids takes place due to reduction in velocity. The cleanout box or sump at the
low end is designed for trapping silt and other debris passing through the catch basin gratings
at the highway pavement level. The pumps draw from the cleanout box through intake piping
leading to the dry-well.

Note the locations of the drain inlets and access shafts, which in conjunction with the openings
in interior walls provide cross ventilation. 8-foot headroom and 10-feet width are provided in
each barrel for access and removal of accretions, with two percent slope for positive drainage
to the cleanout box. Below the access grating at the shoulder, a short stair flight descends to
the bottom of the sump. Clean-out is accomplished by a suction truck working from the
shoulder. The capacity of the storage box illustrated in Figure 2-2 and Figure 2-3 is
approximately 220,000 gallons; some storm drain line storage may be added, giving at least 30
minutes of storage with both pumps running. This detention time results in the removal of a
high percentage of suspended solids.

Ductile iron pipe is used for the suction lines from the storage box to the dry-pit. A separate
parallel line is provided for each pump. Because of the height of fill over the pipe and the cost
and inconvenience of any replacement which might be necessary due to failure, it is usual to
specify the pipe in its greatest available wall thickness, which is Class 6. This approximates a
one-half-inch wall for pipe sizes between 10-inch and 16-inch diameters. These sizes should be
the lower and upper limits of suction line sizes for this type of dry-pit station. Suction line
velocities should be limited to a maximum of 9 feet per second at design head for 10-inch pipe,
increasing at 1 fps for each two-inch increment of line size up to a maximum of 12 feet per
second for 16-inch diameter. The maximum length of each line should be limited to about 45
feet. Where this length can be reduced, it is advantageous to do so in order to reduce head
loss and obtain maximum NPSH for the pumps. The suction lines are preferably installed with
about 1% slope to drain back to the storage box when pumping ceases. At the storage box, the
line begins with a line-size long-radius 90-degree suction elbow set vertically, with flared inlet at
the bottom. A bottom clearance equal to the suction pipe diameter is provided, with the flanged
connection to a cast-iron wall fitting determining the backwall clearance. The pumps will effect
almost complete emptying of the storage box and sump with this configuration. From the
storage box the lines should run straight to the dry-well, without any intervening elbows or
offsets.

A bubbler tube in conduit runs from the dry-well of the pump station to the top of the storage
box and extends vertically into the sump. As the water level rises up the tube, the increased air
pressure trips switches to start pumps. See Figure 7-1.

 



Figure 7-1. Section through Dry-Pit Station

7-C Wet-Wells for Dry-Pit Stations with Vertical
Centrifugal Angle-Flow Pumps
Figure 2-5 and Figure 2-6 illustrate this type of station. In the example, the wet-well is of quite
limited capacity; therefore it is assumed that adequate usable storage exists in the inlet line to
meet pump cycling criteria. Pump suction elbows are similar in style to those as described in
7-B, except for size. It is recommended that the pipe inlet be centered on the wet-well and that
construction be similar to the transition and trash rack for rectangular wet-pit stations as
described in Section 6-B. This will ensure even distribution of inflow to all the pumps. The
bottom of the wet well is suitably dished to drain to the pump suction elbow for the small pump.
This can be extended vertically a small amount to suit necessary elevations.



7-D Dry-Wells for Dry-Pit Stations with Horizontal
Centrifugal Pumps
The dry-well is a simple rectangular structure in the State of California standard design. From
Figure 2-1 it will be noted that it may be about 36 feet from floor slab at grade to the bottom of
the well. The well is rectangular on plan and only about 150 square feet in internal area as will
be noted both from Figure 2-1 and from Figure 7-2. The plan area will be larger if three pumps
are installed as was the case with the retro-fit shown in Figure 3-1 and Figure 3-2. In that case
minimal storage required more pumping capacity, but the standard design relies on two pumps
only. A small sump pump is installed to handle water spilled as a result of piping or pump
disassembly during maintenance or unplanned infiltration into the station. There may also be
some pump packing gland leakage. Normally the whole pit is dry and clean because it is cut off
from the outside atmosphere.

Simplicity is the keynote of the California design and many of the features can be observed by
study of the figures already referenced in this Chapter. A number of other figures appear in
Chapter 10 - Electric Motors for Stormwater Pumps and in Chapter 12 - Electrical Systems and
Controls. Note that the superstructure or control house is included in this Section and regarded
for convenience as part of the dry-well.

The small size of the centrifugal pumps enables them to be spaced at less than six feet on
centers and the inside width of the pit to be less than eleven feet with adequate clearance
being provided. Access shafts and switch gear require only a small portion of the area of the pit
so that unless it is necessary to provide for garaging an emergency generator at the station the
superstructure can be small indeed, as illustrated in Figure 7-1. Figure 7-2 shows a plan at the
bottom of the dry-well to illustrate the compact layout and also shows the relative locations of
sump pump, ladder and fresh air duct. In some cases the electrical switch gear has been
placed below grade so that only the top slab of the rectangular shaft is visible.

It will be seen from the figures that details vary from one station to another. For instance, the
valves in the suction piping upstream of the pump may be rising-stem gate valves or may be
butterfly valves. It is believed that the latter are preferable as causing less disturbance of the
pump inflow. It is often recommended that a minimum distance of 6 pipe diameters should be
allowed between a butterfly valve and the pump suction, to prevent the vena contracta caused
by the valve from interfering with the pump performance, but this seems to have been safely
ignored for intermittent stormwater service.

Flow to the suction intake flange of the centrifugal pump should be of uniform velocity to avoid
impeller disturbance. This ideally needs a straight run of suction piping at least 8 diameters in
length immediately upstream of the pump suction nozzle but this is not usually provided. The
suction pipe should be at least as large as the pump nozzle, a requirement which is easily met
by the 10-inch minimum pipe size. If a reduction from line size to pump suction is required, an
eccentric reducer should be used with the bottom sloped to permit drainage The suction lines
leading to the pump inlet flanges should not have any elbows close to the pump in any plane,
or other fittings which change the direction of flow or velocity and which may initiate any



spinning effect or prerotation to the flow of water. Centrifugal pumps not designed for
pre-rotation will suffer loss of efficiency and an increase in noise if it occurs. Rotation with the
impeller can result in an increase in pump head and power requirement, with possible driver
overload. However, no adverse effects are known due to the close coupled California design as
illustrated.

The elevations should be so planned that pump in the dry-pit will not start until the level of the
water in the cleanout box sump is at least up to the center line of the pump, thus it will be
self-priming.

Available NPSH is 33.9 feet (due to atmospheric pressure) less suction lift (See Figure 7-1) and
head loss in inlet line. Available NPSH must not be less than required NPSH for pump
determined from manufacturers' performance curves.

Pumps are of the horizontal centrifugal non-clog type. These do not operate at efficiencies as
high as pumps having closely fitting impellers, but this type of pump is better suited to
contaminated stormwater by being more resistant to wear from abrasion. Efficiency is not a
significant factor in considering stormwater pumps, since their annual energy consumption is
very low. Pumps are furnished right and left hand (clockwise and counter-clockwise rotation) to
permit a-symmetrical piping arrangement. Flexible bolted couplings are used in both suction
piping and discharge risers to permit easy assembly and dismantling. A separate riser is used
for each pump; this is simpler than manifolding the two or three pumps into one discharge. The
discharge piping is light gage galvanized steel, flanged, with cast iron fittings, and terminating in
a flap valve. The latter is normally well above the outlet pipe from the receiving box or channel'
to avoid accidental back-flow.

Various examples of this type of station have static heads ranging from about 23 feet to about
31 feet. Obviously, greater or lesser static head could easily be provided for. Line sizes, both
inlet and discharge, range from 10" to 16" diameter for the stations studied. 20 HP or 25 HP
motors are sufficient for the lower heads and smaller lines. For a station with 14" diameter
discharge lines and a total dynamic head of 35 feet, it would be necessary to provide 60 HP
motors if a pump efficiency of 70% is assumed and the velocity in the discharge line is limited
to 10 ft./sec., which are reasonable criteria. Assuming three pumps at 35 feet TDH and 70%
efficiency, two with 14" discharge lines and one with a 10", then the total horsepower would be
less than 150 for a discharge of 11,500 gpm.

In another example, the pumping rate with 2 pumps at 20 HP each was 4,370 gpm average, at
a static lift between 14.65 feet and 24.25 feet. Storage was 11,950 cu. ft. in storage box and
1,250 cu. ft. in collector pipes. The suction line was 10" diameter and 48'-6" in length from
bottom of suction bell flare to face of pump suction. The discharge lines were both 10" diameter
and 37'-6" in combined vertical height and horizontal length, including one 90-degree elbow,
and terminating with flap gate and free discharge into receiving channel.



Figure 7-2. Plan at Bottom of Pump Pit



7-E Dry-Wells for Dry-Pit-Stations with Vertical
Centrifugal Angle-Flow Pumps
The example in Section 2-C represents a far more complex solution than the previously
described dry-pit with storage box, but there may be compelling reasons for its selection.

Particular attention should be paid to the buoyancy of the massive box structure. It may well be
that hydrostatic uplift is a serious factor for the structure as a whole. Foundation piles may be
required, not primarily to carry such a structure, but to anchor it down, particularly when empty
Where seismic considerations are a factor, the combination of static and dynamic soil pressure
becomes difficult to resist in deep structures. The necessary stiffening ribs lead to difficult
structural analysis and reinforcing steel patterns, even if uniform concrete thicknesses are
maintained to ease construction difficulties.

In the station illustrated, the motor sizes justify a power supply of 2,400 volts, rather than the
conventional 480 volts.

The vertical shaft centrifugal volute-type pump is called the angle-flow pump by some
manufacturers. The suction elbow transitions from horizontal to vertical below the pump. This
has been a standard type of pump for sewage applications for many years. It is able to pass
solids, but has an inherent weakness in the long drive shaft required between pump and motor.
This is frequently a source of trouble due to whirling and vibration, so that it is a point to be very
carefully treated in the design.

Pumps must be capable of isolation by butterfly valves or gate valves upstream and
downstream when discharge is into a common manifold. Pump control valves are also
necessary to insure that the pump starts and stops against a closed valve and also that the
opening and closing time of the valve is controlled to prevent water-hammer. The required
center-to-center spacing of the pumps depends on their size, but is over 8 feet in the example
shown. This compares with a recommended 10 feet center-to-center of gas engines. A small
sump pump will usually be necessary in the dry-well to discharge water resulting from leakage
from dismantling during maintenance or from infiltration through the structure.

In conclusion, it is evident that this type of station is costly and requires a high standard of
maintenance to insure that operational problems do not occur. Special site conditions or
difficulties would appear to be necessary to justify its selection.

7-F Access and Safety
Forced ventilation of the lower portions of dry-wells is essential and fans and ducting must be
provided. Fans must be operated for a specified period prior to personnel entry in order to
insure compliance with OSHA regulations. It is suggested that current regulations be reviewed
at the time of design.

Where ladders are used, it is necessary that vertical distances between landings be limited to



avoid the use of safety cages. One or two intermediate landings will be required. Also width of
ladder, rung size and spacing and toe clearance to adjacent wall must be made to comply with
OSHA regulations. Ladder side rails must also extend above the landing or control room floor
and should be splayed out to increased width if personnel must pass through. Safety chains
may also be required at the opening.

Refer to Section 6-I and to Chapter 14 - Construction Details for other comments on this
subject.

Go to Chapter 8
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8-A General
The content of preceding chapters has been arranged in the most logical sequence which appeared possible, intended to guide the reader first through examples of existing
stations and their siting. Collection systems, including storage and cycling were then discussed. In that chapter, it was necessary to step forward and give some explanations of
pumps and their operation, but only sufficient to make clear the importance of the relationship between the collection system and the pumping system.

The criteria and selection process was intended also to provide a check list on the many factors involved in pump station design, after which it was possible to treat wet-pit and
dry-pit stations in more detail.

We are now at the point where the complete pumping system can be examined, from the pumps through the details of the components of the discharge system. Pump
performance, total dynamic head, manifolding of discharges and the resulting system head curves will be explained with the intent of amplifying and roundingout details which
have of necessity only been partially covered in prior chapters. This chapter will complete the basics, leaving later chapters to cover the details governing selection of
equipment and details of electrical systems, pump station construction, and calculations and station layouts.

8-B Discharge Configurations
The simplest system configuration is where each pump has its own discharge line, entirely independent of the other pumps. In the California dry-pit stations each centrifugal
pump at the bottom of the pit discharges into a vertical riser and thence through an elbow and a more-or-less horizontal line to an exit flap-gate at the receiving channel. The
same general configuration will be observed for most of the wet-pit stations. The discharge line conveys pumped water from the pump discharge elbow to a channel or conduit.
The discharge line frequently terminates in a flap gate to prevent backflow from the receiving channel such as would occur after the pump stopped, if the invert of the discharge
line were below the maximum water surface elevation in the channel. The pump column and elbow, the discharge line and the flap gate, all taken together, constitute the pump
discharge system. Sometimes a check valve is also needed to prevent backflow from the discharge line and then this is also part of the system. Usually there is no need for
any gate valves or check valves, nor in some instances even any discharge flap gates. These are obviously construction economies and reduce items needing maintenance,
while also reducing head losses and power requirements.

However, this simplicity is only achieved at the expense of furnishing a complete length of adequately-sized discharge line from the pump to the receiving channel. When
excessive length and cost makes individual discharge lines impractical, it is usual to manifold the individual pump discharges into a common discharge line large enough to
carry the combined discharge at an acceptable velocity. To prevent recirculation, each pump discharge must have a check valve at the point where it enters the manifold, and
the manifold itself may become a large and complex fabricated pipe section. In spite of these complications it is sometimes economical to manifold the discharges of a number
of pumps. Figure 8-1 through Figure 8-3 show details of such a manifold of 181 cfs discharge capacity.

All of the foregoing components of the system have to be considered and their head losses computed, together with the velocity head. These are all added to the static head in
order to determine the total dynamic head at which the pump must operate. The total of all these losses is usually a significant addition to the static head. They must never be
ignored. Where there is a manifold and common discharge line, there is more head loss and higher TDH as each pump adds its discharge to the common line.

Operational factors must not be overlooked. For instance, in the conventional case a short discharge line from a vertical pump slopes up to some type of discharge structure at
a higher elevation. When the pump stops, the column of water in the discharge line will also stop, then reverse flow to drain back into the pump pit. Since the quantity of water
is relatively small, it is readily handled by the small sump pump as part of the final clean-up. The sump pump requires a check valve in its discharge line to prevent backflow.
This line is only a small size.

The gravity flow of water from a discharge line as large as 36 inches will have sufficient velocity and energy to rotate the pump in reverse. This is not usually harmful to the
pump, but it could unscrew the pump drive shaft couplings. A nonreverse ratchet fitted to the motor would prevent this possibility; however, the ratchet is a noisy mechanical
device possibly subject to jamming or failure and, therefore, not regarded by all as completely satisfactory.



Reverse rotation may be preferable to a non-reverse ratchet. However, a time-delay relay should be used so that motor cannot accidentally re-start while the pump is running
backwards. In any case, with engine driven pumps a non-reverse ratchet is required on the right-angle gear to prevent engine backfire.

A special problem may occur when a significant length of the discharge line of a manifolded system has an elevation above the pump discharge elbow. When pumps are shut
down the flow reversal toward the pumps could cause dangerous water hammer surges if regular check valves are used. A pump control valve is needed which opens and
closes slowly and is controlled so that the pump always stops and starts against a closed valve. Under such a control system, the pump will operate at shutoff head for some
seconds on start-up when water is in the line and the valve is opening. The shutoff horsepower must be considered when sizing the drivers for such an installation. Pump
curves usually show shut-off horsepower requirements.

Other accessories which may be required in the discharge system are air-release and vacuum valves, flexible couplings and tie rods, flange connections and fasteners, and
steel-to-concrete pipe adapters. They are described later in this Chapter, but they do not usually make much contribution to head loss.

8-C Pump Performance

A pump is a machine which receives energy from its driver, either engine or motor. It converts this energy into useful work in raising water from the pump pit to the discharge.

Chapter 4 - Collection Systems, made introductory reference to certain characteristics of pump performance, based on conditions encountered in stormwater service. Pumps
must be capable of raising the water to the fixed discharge level regardless, within set limits, of whatever the water surface level may be in the storage or pump pit. This
differential between the lower and upper water surfaces is the static head.

When the pump is raising the water from the lowest level the static head will be greatest and the discharge will be the least. When operating at the highest level the static head
will be the least and the discharge will be the greatest. The capabilities of a pump must always be expressed in both quantity of discharge and the total dynamic head at a
given level. This is the Design Point for the pump.

Total dynamic head was also explained in Chapter 4. It is the combination of static head, velocity head and various head losses in the discharge system due to friction. It is
usual to minimize these various head losses by the selection of correctly sized discharge lines and other components.

A pump is selected to operate with the best possible efficiency at its Design Point, corresponding to the Design Water Level of the station, and its performance is expressed as
the required discharge in gallons per minute at the resulting total dynamic head. The efficiency of a stormwater pump at its design point may be 75 or 80% or even more, but
this will depend on the type of pump.

When the static lift is greatest (low water in sump) the energy required (horsepower) may be the greatest even though the quantity of water raised is less. This is because the
pump efficiency may also be much less. The pump selection should be made so that maximum efficiency is at the design point.

Pumps for a given station are selected to all operate together to deliver the Design Q at a Total Dynamic Head computed to correspond with the Design Water Level. Because
pumps must operate over a range of water levels the quantity delivered will vary significantly between the low level of the range and the high level. Typically, a pump could be
required to have a capacity of 23,000 gpm at a total dynamic head of 24.5 feet (the Design Point) and to operate between a range of 14.0 and 26.5 feet tdh. The discharge at
14.0 ft. tdh would be found to be 28,400 gpm (123% of design point) and at 26.5 ft. tdh to be only 19,800 gpm (86% of design point). A curve of total dynamic head versus
pump capacity is always plotted for each pump by the manufacturer. When running, the pump will respond to the total dynamic head prevailing and the quantity of discharge
will be in accordance with the curve. More details will be found in Chapter 9 - Pumps for Stormwater Applications.



Figure 8-1. Discharge Manifold



Figure 8-2. Portion of Manifold Showing 36" Inlets and 30" Access Door

Figure 8-3. Installation of Manifold

8-D Total Dynamic Head
Figure 8-4 illustrates a pump station with manifolded discharge system. All the items contributing to head losses are identified and representative calculations are given. This is
an extreme case; most pump stations will have fewer items in the discharge system to be considered. Because of the length of the discharge line, it contributes almost half of
the total dynamic head.

Figure 8-5 and Figure 8-6 show the method of determining head loss in various components of the system. Standard text-books and manufacturers' catalogs can also be
consulted.



To summarize, the Total Dynamic Head (TDH) is equal to
TDH = hs + hf + hv + Σhp

where:

hs is the Static Head or height through which the water must be raised,

hf is the Friction Loss in the discharge line,
hv is the Velocity Head, and
Σhp is the loss due to friction in water passing through the pump valves and fittings and other items.

The Manning formula expressed as  is generally used for discharge lines, where:

Q = Discharge in cfs
L = Length of pipe in feet
n = .013 for steel or concrete pipe
A = Cross sectional area of discharge pipe in square feet
R = Hydraulic Radius of discharge pipe in feet
       (R = diameter/4 for line running full)

Friction losses can also be computed by the Darcy Formula. This requires computation of the relative roughness of the pipe, the Reynold's number and the friction factor. The
more complex procedure does not appear to justify its use in lieu of the simpler Manning Formula.



Figure 8-4. Calculations for Total Dynamic Head



Figure 8-5. Velocity Head Chart and Elbow Friction Loss Chart



Figure 8-6. Head Losses

8-E System Head Curves
A system head curve is a graphical representation of total dynamic head plotted against discharge Q for the entire pumping and discharge system. It is useful for establishing
the required design point of a pump and then after the pump curve is superimposed it gives a visual representation of both system and pump. As usually drawn, the system
head curve starts from a low point on the x-ordinate representing the static head at zero discharge. It then rises to right as the discharge increases and the friction losses
increase also. A design point can be selected on the system head curve and a pump can be selected to suit that point. The usual pump curve is the reverse of the system head
curve so points of intersection are clearly identifiable. System head curves are often drawn for several different static heads, representing low, design and maximum water
levels in the sump. One, two or more pump curves can be plotted over the system head curves and conditions examined. If a change of discharge line size is contemplated, a
new system head curve for the changed size (and changed head loss) is easily constructed. Figure 8-7 shows the same system with one pump and then with two identical



pumps delivering into the same system. Note the increased head loss and reduced capacity of each pump when both are operating.

8-F Discharge Line Sizing
When sizing the discharge pipeline or pipelines, a general guide is that construction costs are directly proportional to the pipe diameter. Friction loss, and therefore some
element of pumping costs, are inversely proportional to the pipe diameter. Therefore, the optimum pipe size is not readily evident, but where a vertical pump is concerned, it is
usual to make the discharge line the same size as the pump. For a 36" pump, a 36" discharge line would be conventional. A smaller line size would result in too high a velocity
and too much head loss, and a larger line would probably be unnecessary. Variables such as annual operating hours, choice of materials and future deterioration of the pipe
must also be considered.

Suggested criteria for design are that if the individual discharge lines exceed fifty feet in length, they should be constructed of concrete pipe. Steel pipe or cast iron discharge
lines should be limited to fifty feet or less. Velocities of water should be limited to twelve (12) feet per second in concrete pipe flowing full (under pressure) and to ten (10) feet
per second in steel or cast iron pipe.

If the distance from the pump station to the outlet structure exceeds two hundred feet, the combination of individual discharge lines by manifolding into one single larger line
should be investigated.

8-G Discharge Line Pipe Materials
The choice of materials is usually between steel pipe and concrete pressure pipe, with the determining factor usually being the length and consequent cost of the discharge
line or lines. Since it is relatively simple to provide an adapter from steel to concrete pipe, there is no special merit in using steel only.

Discharge heads or pressures are normally relatively low (less than 50 feet) so that a nominal one-quarter inch thickness of steel pipe wall will suffice. However, the stresses
due to both internal pressure and external loading of backfill need to be checked. Pipe of ASTM A53 quality is satisfactory, or where fabrication is required, such as for a
manifold, ASTM A36 steel is normally used. Although on occasions, ASTM A 283 Grade C has been specified for discharge lines and manifolds, its use is not usually justified if
any premium price is involved compared with A36.

Steel pipe and accessories require galvanizing or epoxy lining and coating as protection against corrosion, the former being preferable for interior and exterior coating of lines
up to about sixteen-inch diameter, whether exposed inside the station structure or buried outside. Coal tar coating and pressure sensitive tape wrap are also used to protect
buried steel pipe. For larger lines, the coatings mentioned are sometimes replaced by cement mortar, which is particularly applicable to manifolds buried outside the station.
See Figure 8-1 through Figure 8-3.

Buried flanged joints in steel pipe are frequently a source of leaks or internal corrosion in later years and should be avoided if possible by fabricating the discharge lines in one
piece, or making field welded joints. Internal corrosion and rough surfaces increase the friction and head loss.

For longer lines, concrete pressure pipe is usually more economical than steel and is less subject to corrosion damage. Beveled pipe ends or elbow specials are standard with
the concrete pipe industry, so that vertical or horizontal bends are readily laid. Thrust blocks to avoid separation of the line should be provided at bend points where resultant
forces are significant. Joints should be of rubber-gasket type to withstand the internal pressure of the water and avoid leakage. The pipe wall thickness and pipe strength must
be sufficient to withstand external pressures. Rubber-gasket jointed pipe is also very suitable where differential settlement of pump station and discharge line may be
anticipated.

Ductile iron or asbestos cement pipe can be considered for use as discharge lines and if economically favorable may be used, although the applications are likely to be limited.



Figure 8-7. System Head Curve and System Head Curve for Parallel Operation

8-H Flanges, Flexible Couplings and Steel-to-Concrete Pipe Adapters
The most common method of joining steel pipe is by forming or attaching a flange to each end of the pipe, and then by bolting the flanges together face-to-face, with a
compressible gasket interposed between the flanges to form a water-tight joint.

For stormwater pump station construction, mild steel ring flanges of moderate rating are satisfactory. These have flat faces. AWWA (American Water Works Association)
Standard C207-55, Class D, is an applicable specification, with such flanges being electrically-welded to the discharge piping. At least one pair of flanges is usually required in
a wet-pit station, such as when a check-valve is included in the discharge line. However, on occasions, flanges are not required.

Bolts and nuts (fasteners) required to make up flanges inside the pump station may be specified as carbon steel, but the exposed threads should be thoroughly cleaned and
coated to prevent corrosion and remain workable in the event dismantling is required. The added cost of stainless steel fasteners is not usually warranted. Gasket material



should be specified as cloth-impregnated neoprene.

To facilitate assembly of the steel piping system and to allow for dimensional clearances and variations, it is necessary to include one or more flexible couplings in each line.
These couplings are frequently known as Dresser couplings, relating to the name of the original manufacturer of couplings of this type. See Figure 8-8.

In general, the coupling consists of two flange rings spaced apart by a sleeve and connected by a series of long parallel bolts around the periphery. The sleeve fits loosely over
the adjoining spigot ends of the line pipe and rubber ring gaskets are compressed between the flanges, the sleeve and the line pipe to form a water-tight joint which is tolerant
of some clearance and misalignment of the spigot ends; hence the description flexible. Just as the flexible coupling is essential for making up the system, it permits ready
disassembly of the system when required. The flanges and sleeve should be epoxy coated (or galvanized). To prevent corrosion, the bolts (or fasteners) are often of stainless
steel. The cost savings of mild steel or galvanized finish is a judgment factor for the individual designer.

The flexible coupling is limited in its resistance to longitudinal forces or thrusts. It is often necessary to provide tie rods parallel to it on each side. These are sometimes
more-or-less integral with the coupling and attached to the line pipe, but in a pump station it is often convenient to provide the same effect by tie-bolts between the pump and
the structural concrete, again embracing the coupling. The sizing of the tie rods is determined by the cross-sectional area of the discharge line and the maximum discharge
pressure of the pump. With proper tie rods or other restraint from the pump station structure, the flexible coupling will remain sealed and tight indefinitely while subjected to
shock, vibration, pulsation or other adjustments of the discharge line.

A steel-to-concrete pipe adapter is required whenever such a change of material is included in the design. The adapter is often conveniently located in the concrete back wall
of the pump station. This enables the steel adapter to be adequately anchored in the thickness of the wall, often with a circumferential ring or flange set on the center of the
wall to serve also as a water-stop. Inside the station, the adapter may have either a steel flange or a spigot-end according to need. At some point in its length, the steel pipe
size of the adapter is enlarged and at the downstream end a specially-sized bell ring is welded on. The sizing of the bell ring is performed by or for the concrete pipe
manufacturer so as to match the spigot end of his concrete pipe with allowance for the necessary rubber gasket ring which ensures water-tightness under the discharge head.
Internally for a part of its length, the adapter is cement mortar lined, and the remainder is epoxy coated.

The exterior of the adapter which is inside the station is also epoxy coated, while the portion which is embedded in the wall or projecting outside is coated with a cement mortar
jacket. Figure 8-8 shows details of an adapter. A similar design was used for the downstream end of the manifold shown in Figure 8-1.



Figure 8-8. Typical Steel Pipe to Concrete Pipe Adapter, Side View of Large Diameter Flexible Coupling, and Section Showing Components of Flexible Coupling

8-I Air and Vacuum Valves
In many cases it is necessary to provide an air release valve at the high point of a vertical pump discharge elbow, because the pump column will contain air which should be
discharged to permit smooth starting of the pump and passage of a full body of water through the check valve. This valve should be the combination air and vacuum type, so
that on pump shut-down, the valve also permits entry of air to avoid the harmful formation of a vacuum in the pump column. The sizing of these valves depends on the pump
capacity and the volume of air to be released, and reference accordingly must be made to manufacturers' catalogs. Appendix D - Specifications, gives the manner in which
these valves may be specified, and a simple illustration is included in Figure 8-9.

Some very short pump discharge lines terminate with a flap-gate at the outlet structure. In such cases, a standard weight galvanized steel vent pipe installed vertically on top of
the end of the discharge pipe at the outlet structure may serve as a suitable substitute for the air-vacuum valves. The pipe should be capped on top to prevent entry of foreign
objects, and should have holes drilled as air ports in the upper part of the pipe before galvanizing. An illustration of this type of air vent is shown in Figure 8-13.

8-J Check Valves
Check valves are of two distinct types to suit different requirements -- those required in the discharge lines adjacent to the main pumps, such as where the system includes a
manifold, and those which are required in the discharge lines of sump pumps.

The check valves for the main pumps ensure that when any given pump is not operating, the flow of water being delivered to the manifold by other pumps cannot flow back
through the non-operating pump. Besides this recirculation being possibly harmful to the pump, it would be wasteful of energy in proportion to the amount recirculated
compared with that actually flowing out of the discharge line to the receiving channel. The flow velocity through the main check valves and consequently the head loss that they
add to the system should be minimized. Therefore, it is usual to specify the main check valves to be the same size as the columns and discharge elbows of the vertical pumps
they protect.

Vertical pumps predominate in wet-pit stations, where discharge into a manifold is more likely to be found. Assuming that such a pump delivers 25,000 gpm, a column diameter
and, therefore, a valve diameter of 36 inches is required to meet a maximum velocity criteria of 10 ft./sec. Valves of this size are readily available from domestic or foreign
sources, but their price is considerable. At 1978 prices, the installed construction cost for valves, manifold and fittings required to combine several pumps totaling 181 cfs
discharge into a single discharge line would have cost approximately $200,000. Appendix C - Construction Costs will show the various unit costs.

Despite this relatively high cost per cubic foot of water pumped, it will be found that significant savings result if the discharge line downstream of the manifold is of necessity of
considerable length.

The slanting-disc type is preferable, with an oil dash-pot feature to ensure slow-closing (non-slam) action of the flapper. See Figure 8-10. Another feature that should be
provided is a handhold for cleaning. This allows inspection and maintenance of the movable parts at any time between pump operation. It is, of course, very necessary that the



plant operator be sure that the valve has re-seated and is providing a water-tight seal, or if this is not the case, he can remedy the situation by removal of any debris which may
have lodged in the valve.

Check valves are also required on the discharge lines of sump pumps. Any regular non-slam check valves with cast-iron body may be used, but again the possibility of
clogging is a consideration. Rubber seated or rubber flapper swing check valves in accordance with Figure 8-9 are recommended, while the ball-type check valve illustrated in
Figure 8-11 is a suitable alternate.

Figure 8-9. Rubber Flapper Swing Check Valve and Air and Vacuum Valve



Figure 8-10. 36" Check Valve
25 P.S.I. working pressure



Dimensions shown are for 4" Valve.  Valves are available from 2" to 30" Dimensions
and weights vary accordingly.

Specifications:

Body: Cast Iron:  ASTM A159-72  Class 35
Flange Drilling:  ANSI BI6.1 Class 125 Flat faced Bolt
                                        Holes Straddle Center Line.

Ball:  Hollow steel with vulcanized nitril rubber
         Sinking type:  SP, GR, greater than 1.
         Floating type:  SP, GR, less than 1.

Working Pressure:  150 P.S.I.G. Max     Temp:  185o Max.

Service:  Generally used for sewage. For other flowing media, various types of coatings and
ball elastomers are available.  Details are required for proper evaluation.

Figure 8-11. Ball Check Valve Flygt HDl Type 2016



Figure 8-12. Typical Flap Gate



Figure 8-13. Typical Details for Outlet Structures

8-K Flap-Gates
A flap-gate is a simple device intended to close the end of a pipe discharging into a receiving channel. It consists of a heavy metal casting, or lid, circular in shape, hinged at
the top from a body in such a manner as to close the end of the discharge pipe by gravity. Water being pumped through the discharge line will raise the flap sufficiently to
permit discharge. However, in so coins, there will be a head loss.

Due to corrosion and debris, flap-gates cannot be relied upon to close tight. Flap-gates should not be partially submerged in normal operation unless the intent is only to



prevent the entry of fish or wildlife or to protect against waves or tidal action. Figure 8-12 shows a typical flap-gate. Where possible, the outlet should be above the flood level
of the receiving channel or reservoir.

Where the discharge is into a tidal waterway and the discharge line is set to drain at low tide, leakage around the flap-gate is likely. Tide water will enter the discharge line and
as the tide rises, air will be expelled at or near the station through an air valve. See Figure 8-4. Should a pump start up during high tide, the discharge line will be rapidly filled
and the pump will churn or operate at shut-off head until it has accelerated the static tide water and the pump discharge, and flow has been established out of the discharge
line. The horsepower required at the pump shut-off head is greater than at the normal design point and where such a condition could occur the motor and pump must be
selected accordingly.

Flap-gate bodies and lids are normally cast from grey iron conforming to ASTM A 48, Class 30, with hinge bars or links of cast steel conforming to ASTM A 27, Grade 30 - 60.
Alternately, flap-gates may be fabricated from structural steel conforming to ASTM A 36. The entire flap-gate body, hinge bars or links, pivot lugs and lid should be epoxy
coated.

8-L Sump Pumps
It is always necessary to provide a small sump pump in a dry-pit. (Section 7-D) Sump pumps in wet-pit stations are optional, although certainly recommended. In semi-arid
areas, a sump pump minimizes mosquito breeding. After the rainy season, the sump can be flushed clean of all debris and dry-weather inflows can be pumped out as they
occur.

Areas which experience year-round rainfall apparently find that complete emptying of the sump between storms is not essential, especially in caisson-type stations where the
deposition of suspended solids is less and the pump bearings are grease lubricated to inhibit damage from abrasives.

Where sump pumps are installed in wet-pit stations, it is recommended that they be of submersible type with recessed impeller to readily pass small solids. They should be
protected by the agitator spray ring accessory. Illustrations of the agitator spray ring will be found in Chapter 14 - Construction Details.

A check valve should be placed in the sump pump discharge line. The ball-type or rubber seated flapper-type check valve is preferred over the swing-disc type because it is
less prone to jamming. (See Figure 8-9 and Figure 8-11).

The sump pump discharge line should be a minimum of six inches in diameter. Sump pumps used for wet-pit service should be able to pass spheres or cylindrical objects up to
three or more inches diameter. Therefore, the discharge line must be larger and free from elbows or reverse bends which could obstruct the passage of these objects.

The sump pump is sized after the sump has been designed. Once the sump area is known, the volume of water in the sump below the lowest pump suction bell can be
calculated. The sump pump should be capable of pumping this volume in approximately one-half hour. Usual sump pump capacities range from 500 gpm to 1,000 gpm.

It is desirable to limit the sump pump motor size to about 30 horsepower. Consequently, the one-half hour limit may be exceeded in extremely large sumps. Where the
pumping time exceeds one and one-half hours, more than one pump may be required. See Chapter 9 - Pumps for Stormwater Service, where suitable sump pumps are
described.

8-M Variable Speed Pumping
In some pumping applications, sewage or wastewater, for example, it is advantageous to equip pumps so they may operate at two different speeds or even a variable range of
speeds, with either electric or gas motors.

Provided that the speed regulation is done manually by the station operator, no additional equipment is required. Normally, engines will start automatically and unattended,
then run at a pre-determined speed, such as 1,200 rpm, which is the normal maximum permissible speed for larger engines. With a smaller engine, by taking manual control,
the operator could decrease the speed to 1,000 rpm or increase it to 1,400 rpm with resulting decrease or increase in pumping capability. However, due to the operation of
what are known as the Laws of Affinity, the pump performance and horsepower requirements change more dramatically than the linear change in speed. Pump delivery varies
directly as the change in speed, head capability varies as the square of the change, and horsepower requirements vary as the cube of the change.

When a gas engine is run at higher speed, its developed horsepower is obviously greater, but the greater pumping horsepower required increases faster than the engine's
power output. Therefore, a speed increase from the design level of 1,200 rpm to a maximum of 1,400 rpm is sufficient to raise the horsepower requirement to the intermittent
range. Prolonged operation at this speed is harmful. Nevertheless, in some emergencies and for a short period of time, the increased pumping capability could be safely
utilized by manually increasing the speed of the engines. Devices for automatically changing the throttle setting in response to water level have also been developed.



The exact significance of being able to increase the pumping capability is that if a retention basin or storage box were utilized, it would be possible to pump it down in less time.
On the other hand, assuming that the system design is based on a 50-year storm, then if this intensity of storm were exceeded, the additional pumping capability could be
utilized.

Variable speed pumping is not usually of significance, but is an option that can be exercised with gas engine drivers without incurring additional capital cost. Two-speed or
variable-speed electric motors do not normally find an application in stormwater pumping. More details on the Laws of Affinity will be found in Chapter 9 - Pumps for
Stormwater Applications.

8-N The Merits of Simplicity
Much of the complexity and high capital and maintenance costs of a pumping station can be avoided by using the natural laws of hydraulics. The force main shown in Figure
8-14 slopes upward from the station to the discharge channel, and a whole array of manifolding, slow-closing check-valves, non-reverse ratchets and the like is envisioned.
However, use of a simple gravity standpipe is also possible. Each pump could have its own vertical riser, with free discharge over a weir at the top. The water would then flow
in the common discharge line to the receiving channel. When pumping stops, the force main could drain back into the pump pit. A sump pump with a check valve to retain the
flow in its own small force main could be used to remove the water.

The sump pump also could discharge over the standpipe weir. Although these discharges would contain a high proportion of silt end suspended matter, the flushing action of
discharge from the main pumps would later remove this material. The result would be a simple and efficient system. The only objection might be on grounds of aesthetics if the
appearance of the standpipe was judged incompatible with the surroundings.

Another simple installation has recently been designed for a West Coast port. The necessity was to drain a large paved area utilized for storage of imported automobiles, and
to discharge into tidewater. The area had been filled, but drainage was away from a dike at tidewater to inshore areas slightly below highest tides. The pump station is located
near the dike and gravity drain lines form a collection system, one line extending over 4,000 feet to the station from the furthest upstream catch basins. A rectangular wet-pit
station where pump pit depth was minimized was designed with three pumps, all of equal size. Station Q is 160 cfs at 12.5 feet TDH. The discharge from the station to
tidewater is a single gravity line, no manifolding of the three pumps being necessary. The tidal range of approximately lO feet influences the level to which the pumps may be
required to discharge when two or more are operating. This is accomplished very simply by utilizing a submerged discharge into a discharge basin when two or all three pumps
are operating at highest tide levels. At lower tide levels there is a free discharge at slightly lower head, with consequent energy savings. Figure 8-15 and Figure 8-16 illustrate
the major details. See Figure 6-1 also.

The design criteria required the simplest possible station capable of functioning properly. Due to the industrial nature of the area no enclosing structure was considered
necessary, though one could have been provided. See Chapter 1 - Introduction. Three vertical pumps all of the same size in a rectangular wet-pit station of minimum depth
represent the simplest possible choice: with two pumps only it might not have been possible to satisfy cycling criteria. There is no trash rack in the station structure because full
advantage is taken of the pre-screening effect of the inlet gratings. There is no inflow to the system other than through these gratings. A flap-gate on the free discharge of each
pump serve to prevent backflow into any pump not operating. If slight leakage occurs due to uneven seating, this is unimportant. A non-reverse ratchet on top of each motor
prevents counter-rotation and insures that each motor can start when called on.

Pump pit dimensions meet the criteria set forth in Chapter 6 -Wet-Pit Design, and pumps are equipped with suction umbrellas to permit submergence to be limited to 0.8 bell
diameter. This reduced the pit depth and facilitated construction by the caisson method, especially since no waterproofing membrane outside the pit was considered
necessary. Soil reports showed sandy clay or silty clay suitable for caisson construction, with a late-winter water table at El. -3.0. With bottom of pump pit slab at El. -8.0, the
factor of safety of empty pit against buoyancy was 3.30. Incoming lines were properly joined together with junction structures outside the station, while inside the station a 45°
transition and sloped bottom slab provided for reduction in velocity and streamlined flow to the pumps. The structure is concrete throughout with no steelwork other than
galvanized embedded bases for pumps, grating, handrails, pit access ladder and work platform. Free ventilation is provided to eliminate danger from possible gasoline spills.
The only floor grating used is behind each pump.

Some minor accessories and features were felt necessary. These were a sump pump to completely dewater the pump pit after storms. A water-supply is provided to an
agitator spray ring for protection of the sump pump, which is of recessed impeller type. A conveniently located work platform in the pump pit enables the pit to be hosed down
and all accretions to be removed by the sump pump. Solenoid valves control the spray ring and the oil-lubricators for the enclosed-shaft pumps. An emergency generator is
provided to be operative in the event of power failure. Electrically, the system is simplified, because each pump motor is only 100 hp. No expensive reduced voltage starting is
needed and switchgear is housed in a weather tight enclosure.

Simplicity only evolved after an unsatisfactory initial concept. Development proceeded along the lines recommended in this Manual, the content of which provided a very
suitable guide for the work. Chapter 5 - Selection of Type of Station and Equipment, contains an example modeled on this station, though the example and the end result are
not identical. Of particular interest and value was Chapter 4 - Collection Systems. Computation of usable storage was carried out with considerable care because it was found
to be critical in regard to pump sizing and cycling requirements. The computation involved several trial and error cuts, leading to a first pump start level of El. +2.0, second



pump start of El. +3.0 and a third pump start (Design Water Level) of El. +4.0. The design water level thus becomes three feet below the lowest inlet grating, which is
acceptable (See Section 4-E). Low water shut-off of first pump is El. 0.0 to limit TDH to 14.5 and avoid overload of motor. In making the calculations of usable storage, the
design Q of the pumps (53.33 cfs each) was not discounted because the TDH of 12.5 ft. occurs at first pump start, then reduces as water level rises, but can occur again with
three pumps operating under highest tide conditions. Taking Qi as 26.7 cfs (see Section 4-E), a proportioning of this amount between the several lines tributary to the station
was necessary in order to compute usable storage and minimum cycling time. Sufficient information is given on Figure 8-15 and Figure 8-16 for the reader to verify the storage
and cycling time shown. The tedious trial-and-error procedure can be eliminated by using the known values given herein and the exercise will be found most instructive in
understanding the close interrelationship between the design of the collection system and of the pump station. Figure 4-5 through Figure 4-9 should be used to gain a thorough
understanding of computing usable storage, even accounting for the usual system complications, such as line size and slope changes. During the actual design, a program
was written for a small programmable calculator and this proved very useful.

To sum up, where only two pumps of equal size are used, the limited usable storage in the collection system may easily lead to cycling problems. When three pumps of equal
size are used, cycling criteria can be more readily met. However, it is not unusual to find two large and two small pumps installed instead of three, simply to meet cycling
criteria. Even when engines are used as drivers, computations of usable storage should be thoroughly made so that the whole system characteristics are thoroughly
understood and can be adjusted if necessary for best results.

The late 1981 construction cost of the station has not yet been finally determined, but it is expected to be less than $500,000. This includes structure, pumps, electrical work
and discharge basin, but excludes inlet line junction structures, gravity discharge line and emergency generator. At $3,000 per cfs pumped, this cost is as low as could be
expected.

Figure 8-14. Gravity, Standpipe, and Force Main
TDH = Static Head + Friction Loss + Station Loss + Outlet Loss



Figure 8-15. Profile and Section, Wet-Pit Station



Figure 8-16. Plan Views of Wet-Pit Station

Go to Chapter 9
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Pumps for Stormwater Applications
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9-A General
Large pumps that operate at relatively low heads are usually needed for stormwater pumping. The main types of pumps used are described in this Chapter.
These are:

Vertical Pumps - propeller and mixed flow types;.  

Submersible Pumps - vertical and horizontal types;b.  

Centrifugal Pumps - horizontal non-clog type;c.  

Screw Pumps; andd.  

Volute or Angle flow Pumps - vertical type.e.  

Electric motors are generally used as drivers for all the foregoing types of pump, but diesel or gas engine drivers are sometimes used for vertical pumps and
could be used for screw or angle flow types.

Vertical pumps have been used more frequently than the other types. They are available in a wide range of capacities and discharge heads. Single-stage
propeller pumps are used for low heads and mixed-flow pumps for higher heads. Two-stage propeller pumps are also manufactured. The two-stage propeller
approximately doubles the head capacity of a single stage. A typical vertical stormwater pump is shown in Figure 9-1.

Next in importance are submersible pumps. These are usually a vertical type, although horizontal submersible pumps are also manufactured. Except for
small stations, submersible pumps up to the present have been generally considered accessory pumps to deal with low (dry weather) flows, groundwater
infiltration, and clean-up and pump-out of the pump-pit after a storm. This role has been changing as the available size of submersible pumps has increased.
It is now possible to design large stormwater stations with sole reliance on submersible pumps.

Centrifugal pumps of a special type are used in dry-pit stations. In order to be resistant to suspended solids and debris which passes the screens, these
pumps must be the end suction, nonclog type, with enclosed impellers and hand-hole on the casing which permits inspection and removal of foreign material.
Small centrifugal pumps combined with upstream storage are well-suited to small catchments.

Screw pumps have not been used extensively in the United States, but their simple principle of operation and their performance in other countries justifies
their consideration. The compatibility of the slope of the screw pump and the side slope of a depressed section of highway forms an interesting subject for
innovative design with possibilities for economy.

The fifth and final type of pump considered is the volute or angle flow pump, sometimes described as a dry-pit angle flow pump, or a single-suction
centrifugal mixed-flow pump. It can be mounted in a horizontal or, more usually, vertical position, with the motor above the pump room operating floor and the
pump mounted as much as twenty-five feet below. Only the vertical setting is considered here because the horizontal setting would be similar to the
end-suction centrifugal pump already described. Volute or angle flow pumps, mounted vertically, have for many years been a standard for sewage pump
station installations. However, due to the complex accessories needed with these pumps, they are not recommended for stormwater pumping unless
operating head necessitates their use.



Figure 9-1. Typical Vertical Stormwater Pump Oil-Lubricated Enclosed Shaft-Shown



9-B Pump Characteristics and Performance Curves

All pumps possess a characteristic termed specific speed, Ns, denoted by the equation: .

Pump impellers for high heads have low specific speeds, and impellers for low heads usually have high specific speeds. Figure 9-2 shows the relationship of
different types of impellers to the useful range of specific speeds.

Pumps of the axial-flow type have impellers shaped like ship propellers, and as the name implies, the flow of liquid is discharged axially through the impeller.

Pumps of the mixed-flow type have impellers with vanes integral with a conical hub. The pumping head is developed partly by centrifugal force and partly by
a lifting action of the vanes. The application of the mixed-flow pump is similar to that of the vertical axial-flow propeller type of pump, but each type has its
own range of operating heads and capacities. Pumps of the centrifugal type have impellers which develop head entirely by centrifugal force.

As an example, find the type of pump necessary to deliver 2,500 gpm at 81 ft. head using a speed of 1,760 rpm (usual for conventional electric motors).
Specific speed is found to be 3,259, corresponding to the centrifugal type of pump. At 85% efficiency, a 60 horsepower motor would be needed, because

Horsepower .

The example illustrates work performed being expressed in horsepower, with a factor being introduced to account for the efficiency of the pump. All
stormwater pumps must operate over a range of heads. Every pump has a performance curve developed by its manufacturer. More precisely, a family of
curves is shown for each pump, because any pump can be fitted with various sizes of impeller. The impeller is the rotating element which imparts energy to
the water and it can be modified or "trimmed" exactly to suit performance requirements. Trimming refers to the process of machining the impeller to the
proper dimensions to provide the performance required.



Figure 9-2. Specific Pump Speed Vs. Impeller Types

Superimposed on the pump performance curves are other curves showing the efficiency of the pump. If a pump were 100% efficient in imparting energy to
the water, the work done would be the product of the weight of the water and the head. In fact, a stormwater pump selection with an efficiency of 75% would
be about average. In some cases, efficiencies at design point of 85% or more may be achieved; in other cases, efficiencies at design point may be below
70%. With continuous pumping, the energy loss due to low efficiency is a significant cost factor. However, since stormwater pumps operate relatively
infrequently, the cost penalty of less efficiency is usually not significant. Pumps need not be specified to have efficiencies in excess of 75% at design point.
To do so would unnecessarily reduce competition between various manufacturers. The required horsepower is usually shown on any pump performance
curve. This is used in selecting a driver, either electric motor or engine.



Because vertical pumps are the most commonly-used type for stormwater pumping, and because they can be either propeller or mixed flow, this type of
pump is used as the basis for the rest of the text in this Section. However, the principles explained are applicable to all the other types of pump referred to in
Section 9-1.

Vertical pumps for stormwater pumping stations for highway facilities will almost invariably be of the single-stage axial flow (propeller) type or the mixed-flow
type. This is based on the assumption that individual pump capacities will be between a minimum of 1,000 and a maximum of 30,000 gallons per minute and
that total dynamic heads will be between 8 and 50 feet. Pump manufacturers' curves are expressed in feet of head and discharge in gpm. Cubic feet per
second is not used as a measure of pump capacity except as an interface with the collection and discharge systems.

Published pump performance curves of a well-known manufacturer are shown in Figure 9-3 through Figure 9-6. The curves are for one pump of propeller
type (16PO) and for two pumps of mixed flow type (24MS and 24LS). Two different speeds of rotation are shown for the 16PO, while the 24MS delivers
greater quantity at higher head than the 24LS, with same diameter impeller and with both operating at the same speed. Reading at the "eye" (point of
maximum efficiency on the curves) for the 16PO at 1,180 rpm and for the 24LS at 590 rpm, the specific speeds can be computed to be 13,288 and 6,225
respectively, representing mid-range of the specific speeds shown in Figure 9-2 for these types of pumps.

Figure 9-3. 16" Propeller Pump at 1180 RPM



Figure 9-4. 16" Propeller Pump at 875 RPM



Figure 9-5. 24" Mixed Flow (24 MS)



Figure 9-6. 24" Mixed Flow (24 LS)

A comparison of the curves for the two types of impeller shows that the individual propeller pump covers a broader range of gpm and head than the
mixed-flow. The mixed-flow pump delivers at a higher head than the propeller pump.

In pump selection, it is desirable that the design point be as close to the eye as possible, or else to the left of the eye rather than to the right of or above it.
For a design point or condition of 8,500 gpm at 16.5 ft. TDH, the 16PO propeller pump at 1,180 rpm would be an ideal selection. For a design point of 11,000
gpm at 22.5 ft. TDH, the 24LS would not be a suitable selection. The 24MS rotating at the same speed has a curve which produces a slightly higher head
and this pump would be an acceptable selection. A different impeller is used and the lower efficiency at the design point gives a correspondingly higher
horsepower requirement. Again, performance should always be in the constantly rising portion of the curve. Avoid conditions where the pump is operating at
a dip in its curve because its output will drop sharply and become unstable.

The effect of the Laws of Affinity can be observed by comparing the 16PO propeller pump running at different speeds, see Figure 9-3 and Figure 9-4. When
running at 875 rpm instead of 1,180, the discharge is reduced in direct proportion from 8,500 to 6,250 gpm. The head is reduced by the square, from 16.5 ft.
to 9.1 ft. and the horsepower requirement by the cube, from 42 to 17.

Figure 9-3 through Figure 9-6 show two different methods used to describe impeller size. Horsepower requirements are also shown in two ways, either by



commercial motor size or by actual brake horsepower required. Net positive suction head (NPSH) requirements are also shown for the mixed flow pumps,
but for practical purposes the submergence requirements shown are sufficient guide. As additional information which is sometimes needed, shut-off head
and horsepower are shown on the Johnston curves. The significance of shut-off head is that if the pump was pumping against a closed valve, the head and
horsepower requirement would rise to the values shown. Whereas the head and corresponding pressure would not overstress the pump elbow and piping,
the motor, if not of sufficient horsepower, would be overloaded. Sometimes in stormwater pumping stations, conditions are such that pumps may develop
shut-off head, and in such cases the motors or other drivers must be sized accordingly.

Proper selection of pumps requires some practice. The following examples are presented for illustration, using curves specially drawn in simplified form. Two
further methods are used to describe impeller size.



Figure 9-7. Performance Curve for 36 inch Pump Rotating at 590 R.P.M.



Figure 9-8. Performance Curve for 24 inch Mixed Flow Pump Rotating at 700 R.P.M.

Figure 9-9. Performance Curve for 36" Mixed Flow Pump Rotating at 500 R.P.M.

Referring to the three curves shown, Curve No. 1, Figure 9-7 is for a 36" propeller pump, Curve No. 2, Figure 9-8, is for a 24" mixed flow and Curve No. 3,
Figure 9-9, is for a 36" mixed flow. Note that the column and elbow for the first and third pumps may be identical, but the bowl, shafting and motor are
different. The example first compares two pumps of different sizes selected to pump the same quantity of water, but at different heads; and then compares



two pumps of different sizes selected to pump different quantities of water, but at the same head. The comparisons are made using the Design Points shown
on the curves.

Curve No. 1    The 36" propeller pump rotating at 590 rpm delivers 18,000 gpm at 13.0 ft. TDH. Impeller trim is .78 and a 75 HP motor is required.
Efficiency at design point is 82.5%.

Curve No. 2 The 24" mixed flow pump rotating at 700 rpm delivers 18,000 gpm at 31.0 ft. TDH. Impeller trim is 43° and a 200 HP motor is
required. Efficiency at design point is 86%.

Curve No. 3 The 36" mixed flow pump rotating at 500 rpm delivers 43,500 gpm at 31.0 ft. TDH. Impeller trim is 43° and a 400 HP motor is
required. Efficiency at design point is 86.5%.

Impeller trim and efficiency are interpolated between curves plotted. Motor size is always the next larger commercial size than the bare requirement read
directly or by interpolation. Different manufacturers have different nomenclatures for impeller size or trim; this may be numerical or decimalized, or shown by
angular degrees, or by the actual dimension of the impeller diameter, or by a series of letters. Study manufacturers' curves.

If unfamiliar with pump curves the reader should solve the following:
Curve No. 1
(36" Prop.)

Find motor size and impeller trim required to deliver 14,000 gpm at 16 ft. TDH, and determine efficiency at this design point..  

Find motor size and impeller trim required to deliver 26,000 gpm at 8 ft. TDH and determine efficiency at this design point.b.  

With .78 impeller trim as in the example, determine discharge in gpm at 17 ft. and 6 ft. TDH, with corresponding efficiencies and
motor sizes required.

c.  

Curve No. 2
(24" MF)

Find motor size and impeller trim required to deliver 15,000 gpm at 40 ft. TDH and determine efficiency at this design point..  

Find motor size and impeller trim required to deliver 22,000 gpm at 15 ft. TDH and determine efficiency at this design point.b.  

With 43° impeller trim as in the example, determine discharge in gpm at 40 ft. and 15 ft. TDH, with corresponding efficiencies
and motor sizes required.

c.  

Curve No. 3
(36" MF)

Find motor size and impeller trim required to deliver 44,000 gpm at 30 ft. TDH and determine efficiency at this design point..  

Find motor size and impeller trim required to deliver 35,500 gpm at 35 ft. TDH and determine efficiency at this design point.b.  

With 42° impeller trim, determine discharge in gpm at 20 ft. TDH with corresponding efficiency and motor size required.c.  
Answers:
Curve No. 1 100 HP, .70 imp., 75% efficiency..  

75 HP, 1.05 imp., 70% efficiency.b.  

13,800 gpm, at 17 ft. TDH, 100 HP, 72% efficiency.c.  

22,500 gpm, at 6 ft. TDH, 50 HP, 67% efficiency (see Note)
Curve No. 2 200 HP, 41° imp., 81% efficiency..  

150 HP, 42° imp., 64% efficiency.b.  

13,800 gpm, at 40 ft. TDH, 200 HP, 77.5% efficiency.c.  

21,800 gpm, at 15 ft. TDH, 150 HP, 65.0% efficiency.
Curve No. 3 400 HP, 43° imp., 85.5% efficiency..  

400 HP, 47° imp., 85.0% efficiency.b.  

50,200 gpm, 70% efficiency, 350 HP.c.  
Note: For Curve No. 1 (c) it could be that the range over which the pump must operate would be from low water in the pump pit (maximum

TDH 17 ft.) to high water (minimum TDH 6 ft.). Although at design point a 75 HP motor would suffice, a 100 HP motor is required to
pump from the low water level. This is frequently the case and more likely with propeller pumps than with mixed flow.

The designer must always specify requirements which can be satisfied by pumps readily available on the commercial market. The pumps of any given
manufacturer are normally available in a range of sizes and types so that capacities and heads can be tailored to suit most conditions. However, not every
manufacturer can furnish an equally suitable pump for every condition. It is necessary for the pump station designer to refer to the catalogs of a number of



manufacturers in developing non-proprietary specifications.

9-C Vertical Pumps - Propeller and Mixed Flow
Manufacturers normally make pumps of various material qualities and features according to their standards, but the standard products may not be entirely
suitable for all conditions or in accord with recommendations made in this section. It is necessary to specify the materials and components of pumps
adequately so that deficiencies will not cause operating problems.

Discounting any provision or devices for varying the speed, the pump shaft and the impeller of a vertical pump will always rotate at the same speed as the
motor, since the shaft is directly coupled to the motor. Standard electric motors rotate at a fixed speed depending on the supply voltage and the winding.
Motors for vertical pumps within the range we are considering rotate at 1,760 rpm, 1,170 rpm, 875 rpm, or lesser speeds, reducing in steps to as low as 220
rpm. These numbers are sometimes quoted a little differently, e.g., 880 in lieu of 875 rpm, but this is not significant. Pumps are designed to operate at these
standard motor speeds. Speeds, of course, become less and less as pump size increases, and as a general principle the lower the speed, the longer the life
of the equipment. Where an engine is used as the driver, the normal engine speed will be 1,200 rpm, and the right angle gear drive must have a suitable ratio
to rotate the pump at its correct speed.

The pump assembly of vertical pumps is suspended below the base-plate by the necessary length of discharge column and elbow, with the pump bowl being
adequately submerged into the liquid being pumped. An oil or grease lubrication system must be provided since the silty stormwater is not a suitable
lubricant.

The bowl assembly is the heart of the vertical pump and consists basically of a suction bowl or bell, discharge bowl, impeller, pump shaft, pump shaft
bearings, and necessary parts to secure the impeller to the shaft. The suction and discharge bowls are separate units, provided with flanges accurately faced
and drilled for connection to each other and to the discharge column. Figure 9-10 and Figure 9-11 show that this applies to both axial-flow (propeller) and
mixed-flow pumps. The suction bowl is designed to permit proper distribution of the liquid to the impeller and has a bell-shaped bottom designed to reduce
entrance losses. All bowls must be designed to withstand not less than twice the maximum operating pressure of the pumps, when operating at the design
speed. Diffuser vanes are integrally cast into the bowls above and below the impeller. The number of vanes must be sufficient to support the lower guide
bearings as well as to sustain the weight of impeller and pump shaft when dismantling the pump. When oil lubrication is used, by-pass ports are provided in
the discharge bowl upper guide vanes to drain excess oil from the shaft enclosing tube. The impeller must be firmly secured to the shaft by means of a key
and thrust collar which should be the split type allowing the impeller to be removed from the bottom of the pump. The impeller must be balanced statically
and dynamically to minimize vibration and wear, and the top of impeller hub should be equipped with a special seal ring to prevent rope, rags and other
fibrous debris from wrapping around shaft above the impeller.



BILL OF MATERIALS
Description Material

Suction Bowl
Discharge Bowl
Pump Shaft
Shaft Enclosing Tube
Discharge Bowl Bearing
Thrust Collar Retainer
Suction Bowl Bearing
Impeller
Suction Manifold Plug
Thrust Collar
Diffuser Cone
Bolts
Nuts
Transition
Impeller Key
Bowl Tube Bearing
Seal Ring

ASTM A 48, CLASS 30
ASTM A 48, CLASS 30
AISI TYPE 410
ASTM A 120 PIPE OR TUBING
ASTM B 144, ALLOY 3A
ASTM B 143, ALLOY 2B
ASTM B 144, ALLOY 3A
ASTM B 143, ALLOY 2B
STEEL
AISI TYPE 410
ASTM A 48, CLASS 30
300 SERIES STAINLESS STEEL
300 SERIES STAINLESS STEEL
ASTM A 283 GRADE D
AISI TYPE 410
ASTM B 143, ALLOY 2B
ASTM B 144, ALLOY 3B

Figure 9-10. Typical Axial-Flow Pump Bowl



The pump shaft is that section of shafting which supports the impeller in the bowl assembly and extends to a point immediately above the discharge bowl
bearing and connects to the line shafting. The shaft dimensions must be large enough to transmit maximum driver horsepower and must operate without
vibration or distortion. The pump shaft must be accurately turned, ground and polished precision shafting. The pump bowl must have bronze bearings
immediately above and below the impeller, with the lower bearing protected by a sand collar covering the locking collar. This prevents sand or grit from
entering. The suction bowl bearing must be packed with waterproof grease, and a shaft seal must be provided immediately above the impeller, with the
bypass ports to drain excess oil from the shaft enclosing tube provided above the seal.

The discharge column assembly consists of the driver support pedestal, base-plate, elbow, necessary sections of column, flanges, shaft enclosing tube,
enclosing tube adapter, line shafting, line shaft couplings, line shaft bearings, and enclosing tube tension device. On occasion, as illustrated in Figure 2-9,
Figure 2-18 and Figure 9-15, the discharge is above the floor of the pump station. In such cases, stiffening plates may be needed. Normally, the column is
designed for suspension from the pump base-plate. The column, base-plate and elbow must be proportioned to safely support the bowl assembly and
withstand the hydraulic pressure, dynamic forces, thrust, and any other load that it may be subjected to during transportation, erection or operation. Velocity
of flow in the pump column and elbow should be limited to a maximum of 10 feet per second to avoid erosion of protective coating and unnecessary head
loss and to minimize vibration.

If more than one section of column is used to connect the bowl assembly to the discharge elbow, the diameter of any intermediate section must be the same
as the diameter of the discharge end of the elbow. The lowest section of column may be a tapered transition to make connection to the bowl assembly. In the
normal below base-plate configuration, the section of column above the elbow and connecting the discharge elbow to the base-plate may be less in diameter
than the diameter of the elbow at the discharge end, but the thickness of the material used in that portion of the column above the elbow should be equal in
thickness to the material used for the elbow.

The elbow and column may be fabricated from standard weight pipe or from steel of a corresponding thickness and should be machined between centers for
perfect alignment and concentricity.

The elbows should be long sweep elbows to AWWA standards with up to three intermediate sections. Elbows may have plain ends for flexible couplings, or
may be flanged for direct connection to a check valve. There need be no guide or diffusion vanes in the column or elbow with the velocity and criteria given
here.

No portion of the pump assembly should be more than 10 feet in length to facilitate disassembly at the station, if this is planned, and the elbow and each of
the column sections should be provided with lifting lugs or lifting eyes to facilitate the handling of these parts during removal and reinstallation. All parts
except the suction umbrella should be removable through pump floor openings, and the pump column should be provided with a flanged connection between
the base-plate and the discharge elbow as shown in Figure 9-1.

The vertical pump base-plate should be set in a recess in the concrete floor slab with top of the plate set flush with the finished floor and with continuous
even bearing to the supporting surface. An embedded steel frame is recommended.

The electric motor or right angle gear pump drive should be mounted on a heavy fabricated steel pedestal, see Figure 9-12. Pump pedestals are essential for
vertical pump installations. The pedestal is provided with diametrically opposite openings to permit access to the pump head-shaft coupling and enclosing
tube tension device for adjustment, or to permit removal of the electric motor or gear drive. The pedestal should be integrally welded to the base-plate. A
short section of pump column may be welded to bottom of base-plate with a flange for connection to pump extension above discharge elbow if in-station
disassembly is contemplated. The pedestal should be fitted with lifting lugs of sufficient strength to support the weight of the complete pumping unit. This
facilitates original installation and subsequent removal.

The pump drive shaft connects the motor or gear drive with the pump bowl and transmits power from one to the other. Due to the pump setting, the drive
shaft may be as long as 40 feet (see Figure 2-22). However, in most cases it will be less. To remain within practical limits of size, the shaft will need
intermediate bearings and these are normally provided at a spacing of 5 feet. This spacing enables the shaft diameter to be limited to levels dictated by the
torque-induced shear without concern for the centrifugal (whirling) effect. The stretching of the shaft due to the force induced by the lifting of the water is also
taken into account by the pump manufacturer. Drive shafts are sometimes furnished without an enclosing tube, but this is not recommended for stormwater
pumping, unless grease lubrication is provided. With no enclosing tube, the intermediate bearings are supported from the sides of the pump column, and
may be lubricated by the passage of the fluid being pumped. As previously stated, this is not desirable with silt-laden stormwater and a positive grease seal



must be provided. Some agencies have found this grease lubrication satisfactory, while others specify a shaft enclosing tube. The tube performs the multiple
functions of providing a stiff structure to support the bearings, a means of isolating the bearings from detrimental fluids being pumped, and a down-flowing
conduit for the oil lubricant.

The shaft enclosing tube is designed to support the line shaft bearings and to prevent leakage of the pumped fluid into the shaft assembly. The tube may be
threaded internally to receive a combination tube coupling and line shaft bearing, and may be fabricated in lengths not over five feet. The shaft enclosing
tube may connect directly to the bowl assembly or may be connected by means of an adapter or diffuser cone. The enclosing tube adapter or diffuser cone
should be cast iron or be fabricated from steel plate. Details relating to the shaft enclosing tube and bearings are also shown on Figure 9-12.

The pump, if so constructed, is unquestionably a superior piece of machinery. However, its cost-effectiveness is questionable due to the small number of
annual hours of operation of a stormwater pump station and the relative ease of providing effective grease lubrication. Fresh-water flushing of bearings is
also a viable alternative where there is a municipal water supply.

Calculations relating to pump drive-shaft sizing are regarded as a manufacturer's responsibility. The pump station designer should limit his responsibilities to
the overall project, with appropriate assurances from others that their components meet specified requirements.

It follows that all vertical pumps must be equipped with effective lubrication systems. The recommended type is the oil system which supplies oil to the line
shaft bearings. In this type, the pump shaft is totally enclosed in an oil tube which extends from the pump base-plate to the top of the pump bowl. When the
pump starts a solenoid valve opens and admits oil to the line shaft from bearing to bearing by means of passing through a groove in each bearing. The rate
of oil dripping is controlled by an adjustable sight-feed valve. A metal reservoir should be furnished to provide enough oil for a minimum of one month
operation or as recommended by the maintenance management program for the facility.

A typical oil lubrication system is shown in Figure 9-13. It should be noted that a by-pass sight-feed valve is also provided to provide oil to the shaft bearings
manually before operating the pump. This should be done regularly between periods of idleness or at planned exercise runs. Other methods of lubrication
may be used such as pressure greasing of each bearing through a pressure grease system and grease lines to each bearing, or by packing the entire
enclosing tube with grease.

A peculiarity in regard to the use of vertical pumps is that where the pump pit depth, and therefore the submergence, are to be held to minimum levels, then
the manufacturer's standard item is incompatible. In order to hold to the above minimum, the pump must be equipped with a suction umbrella to reduce the
peripheral bell velocity and, therefore, control the inflow to the pump to avoid vortexing. Note that the name umbrella refers to the shape of the appendage
accessory -- actually a flat plate of equivalent diameter has proved to be equally effective. The principal consideration is that on account of its size, the single,
two-or four-piece umbrella must be bolted to the underside of the pump suction bell and must be removable prior to any attempt to remove the pump from the
station. Stainless steel clamps, bolts, studs or nuts may be justified. (See Figure 9-18).

Two more important factors in vertical pumps design are pump thrust and bearing life, both of which are primarily the manufacturer's responsibility. The pump
station designer should only be required to specify necessary performance in discharge and head and receive assurances that the pump will perform
satisfactorily for a span of years under these conditions. However, manufacturers' literature does provide the criteria on which pump thrust and bearing life
are computed. The minimum life of a bearing is equal to the number of hours or years of continuous operation when 10% of all the bearings operating under
identical conditions will have failed. The minimum, or as it is more commonly called, the B-10 life, is the life expectancy which is normally used in
specifications. 20,000 hours is a normal standard.

Protective coating of the metal elements of the vertical pump is very important, since a large surface area of the pump is exposed to detrimental
environments. Operational factors extend from continuous immersion of the pump bells in a brine solution resulting from run-off of road salt to abrasion of the
column protection due to passage of silt-laden water at high velocities. Epoxy coating is recommended.

Manufacturers' catalogs always provide a wealth of information which should be closely studied. Dimensional data for a range of small pumps has been
extracted from a catalog and is shown as Figure 9-15. Pump column, elbow and velocity head losses, important in calculating total dynamic head, are shown
in the extracts used for Figure 9-16 and Figure 9-17. Note that not only the numerical values, but also the presentation will vary from one manufacturer to
another.



BILL OF MATERIALS
Description Materials

Suction Bowl
Discharge Bowl
Pump Shaft
Shaft Enclosing Tube
Disch. Bowl Upper Bearing
Disch. Bowl Lower Bearing
Thrust Collar Retainer
Suction Bowl Bearing
Impeller
Suction Manifold Plug
Thrust Collar
Bolts
Nuts
Transition
Impeller Key
Seal Ring
Bowl Tube Bearing

ASTM A 48, CLASS 30
ASTM A 48, CLASS 30
AISI TYPE 410
ASTM A 120, PIPE OR TUBING
ASTM B 144, ALLOY 3A
ASTM B 144, ALLOY 3A
ASTM B 143, ALLOY 2B
STEEL
AISI TYPE 410
300 SERIES STAINLESS STEEL
300 SERIES STAINLESS STEEL
ASTM A 283 GRADE D
AISI TYPE 410
ASTM B 143, ALLOY 2B
ASTM B 144, ALLOY 3B



Figure 9-11. Typical Mixed-Flow Pump Bowl

Figure 9-12. Pump Shaft Details, Pump Pedestal Design



Figure 9-13. Typical Oil Lubrication System



Figure 9-14. Verti-line Vertical Pumps



Figure 9-15. Typical Dimensions for Vertical Pumps 8" thru 16"



Figure 9-16. Elbow and Column Losses in Vertical Pumps
(Courtesy of Aurora pump - a unit of general signal)



Figure 9-17. Capacity in U.S. Gallons Per Minute



Figure 9-18. Typical Suction Umbrella
Dimensions may change to suit equipment furnished.



9-D Submersible Pumps
Submersible pumps are a relatively new type of pump to qualify for consideration for performing the total pumping function at a stormwater pump station in
the average capacity range. This is because the physical size and role of submersible pumps has been so greatly expanded beyond their previous
limitations. Previously they could serve only as sump and clean-up pumps with relatively low capacity, or be the main pumps in only the smallest stations.
Future developments will include the propeller type in both horizontal and vertical configurations.

Regardless of size, submersible pumps may be manufactured in two different ways: in the first way, one manufacturer makes both motor and pump; in the
second way, the pump manufacturer utilizes a proven submersible motor and couples it directly to a pump which he has manufactured. In general, the first
way represents European practice, while the second represents U.S. practice. However, both types are manufactured in the U.S.

Motors vary in that the motor of European origin is air-filled, while the domestic motor is oil-filled. In either case, there is an oil seal between motor and pump
which is critical, and is usually monitored to determine whether any infiltration of the pumped fluid into the motor is occurring.

Other points of difference are that one type of pump has a completely recessed impeller, out of the stream of pumped fluid, while the other has a specially
shaped non-clog impeller. In principle, the latter is much as described in Section 9-E for the horizontal centrifugal pump. A difference in mounting is that one
type engages a tapered metal-to-metal seating where the pump casing discharges into the discharge elbow and riser. The removal method is to slide the
complete pump up guide pipes out of the pump pit. By contrast, the other type of pump has a base which enables it to sit upon the concrete floor of the
sump, with a flexible discharge hose leading upwards and out of the sump. The pump can be lifted out of the sump flexing the discharge line.

Although intended to operate with both pump and motor completely submerged, there are occasions when the motor will not be surrounded by water, with its
cooling effect. Some submersibles have the motors with the capability to run dry for extended periods without overheating or damage. Other submersibles
have limited capability to run in this condition without damage, or they may be fitted with cooling sprays fed from the pump which allow the pump to pump
down and break suction on every cycle so as to virtually empty the sump completely. The ability to pump dry is more important in sewage applications than in
stormwater. Most manufacturers' literature on submersible pumps places more emphasis on sewage and wastewater than on stormwater applications. The
designer should not misinterpret factors applicable to sewage and apply them to stormwater installations.

Figure 9-19 shows the smaller and more familiar submersible pump with the Reliance motor which is of U.S. manufacture. The Essco pump has a recessed
impeller with flat back or shroud. In Chapter 14 - Construction Details, Figure 14-20 shows the flexible hose discharge connection with a call-out of all the
necessary fittings. The range of these smaller pumps now extends to about 1,500 gpm at 60 feet total dynamic head. The limitation is the available motor
size, and the fact that the efficiency of the recessed impeller is about 50%.

By contrast, Figure 9-20 is reproduced from a photograph of a 20" Flygt CP 3500, showing ease of handling by mobile equipment. When fitted with a Type 4
impeller and a 100 HP motor rotating at 502 rpm, this pump will deliver in the range of 10,000 gpm at 25 feet total dynamic head. These figures are
interpreted from the pump performance "envelope" shown in Figure 9-21, and must be verified from manufacturers' published performance curves for each
pump and impeller. A performance chart for the Flygt CP 3300 showing differing sizes of impellers is shown in Figure 9-22. Note that the pump size varies to
suit high head, standard or high volume conditions.

In general, the in-flow non-clog impeller will show substantially higher efficiencies than the recessed impeller, and these are obtained and usable in
stormwater pumping provided adequate provision is made for properly fluidizing the abrasive stream to which the stormwater pump is exposed. This is done
by the use of an agitator spray ring, which releases jets of water and flushes away and fluidizes the blankets of grit or mud which may build up around the
pump during periods of inactivity. This is particularly important with small submersible pumps used as sump or clean-up pumps.

The spray ring is controlled by a solenoid valve in the pump starting circuit, with a time-delay relay for the pump start. Then, when the pump control signals
the pump to start, the spray will commence and perform its flushing action for ten to fifteen seconds before the pump starts. By this means, the pump is
protected from the harmful effect of grits and sands entering the pump without sufficient dilution by water. Where large submersible pumps are used (see
Chapter 6 - Wet Pit Design) the flushing action of the water makes such precautions unnecessary.

A final illustration is the propeller-type vertical submersible shown in Figure 9-23. This pump is becoming available in various sizes and horsepowers to
compete directly with the conventional vertical pump.



A specification for a submersible pump will be found in Appendix D - Specifications. However, certain features such as the recessed impeller are required in
the referenced specification, which should be used as a guide only, and should be adapted as necessary to suit the judgment of the designer.

Figure 9-19. Data and Assembly for Model 4x12TF Essco Submersible Pump



Figure 9-20. Flygt Submersible Pump



Figure 9-21. Flygt Series CP





Figure 9-22. CP 3300

Figure 9-23. Flygt 7000 Series Propeller Pump



9-E Horizontal Centrifugal Non-Clog Pumps
This type of pump is a particular configuration of the non-clog dry-pit pump which has been found suitable for use in small stormwater pump stations. Refer to
Figure 2-1, Figure 7-1 and Figure 7-2. The origin and principal use of this pump is to pump sewage; therefore, capacities in gpm are limited, but the available
total head exceeds 250 feet for some models. The non-clog feature evolved from the necessity of passing solids when pumping sewage, and this has now
been successfully utilized in pumping silt-laden stormwaters. An effective capability for settling out solids in the storage box has been provided, with a
consequent reduction in the solids passing through the pump. Less wear on the pump should result.

Pumps of this type are furnished with motors in various speeds from 1,750 rpm down. Consistent with other types of pump, the higher speeds are more
applicable to smaller pumps or higher heads.

When there is more need for quantity than head, the slower speed pump is more suitable. Pumps with six-inch to twelve-inch diameter suction and six-inch to
ten-inch diameter discharge have been utilized, which with motors wound for 1,150 or 870 rpm deliver about 1,500 to 5,000 gpm at forty feet total dynamic
head.

Non-clog pumps are fitted with two-port closed impellers as standard. These have two water passages and contoured leading edges for optimum clog-free
operation, the solids passing through the impeller. As an alternate, vortex impellers can be furnished which rotate clear of the water flow. The vortex action
does not require solids to actually pass through the impeller and this type is sometimes offered as the best solution to extreme problems with the pumping of
fluids containing waste and grit.

Neither type of impeller is very efficient, the two-port rating about 70% average, and the vortex type rating 50% or less. However, reliability of equipment is
far more important than efficiency. In this regard, the dry-pit station, storage box combination with the horizontal centrifugal non-clog pump, represents
mechanical and electrical simplicity with high reliability.



Figure 9-24. Typical Horizontal Centrifugal Pump Features



Figure 9-25. Horizontal Centrifugal Pump Components

Figure 9-24 illustrates a typical horizontal centrifugal non-clog pump. The motor is directly coupled by flexible coupling to the pump, and both are mounted on
a fabricated steel or cast-iron base which provides an integral drip rim and drain connection. Any dripping from the pump seal then drains away freely. The
pump casing can be plainly identified in the figure. It is cast from high-grade gray iron Class 30 and should be complete with suction and discharge gauge
taps and drain taps. It should also be provided with a contoured hand-size clean-out, to allow inspection at any time and removal of debris. Highway debris of
the floating type may find its way through the gratings or trash bars and lodge in the impeller of the pump. The hand-hole will permit removal of the
obstruction without dismantling the complete pump. Although the discharge can be furnished in other positions, the vertically upward position is required for
the dry-pit station, as illustrated.



The pump must have a seal where the rotating shaft enters the casing. A mechanical seal should be specified for the most severe service, but in stormwater
applications, a stuffing box has been found satisfactory. See Figure 9-25. The grease and water slinger seals which protect the bearings at each end of the
bearing frame are also shown, together with an illustration of the two-port impeller.

By comparison with the vertical pump, the horizontal centrifugal non-clog pump is a relatively simple piece of machinery to select and specify. Reference to
manufacturers' literature will amplify the outline given here. An effective specification follows, which may be used verbatim, merely requiring insertion of the
number of pumps and their required performance.

Pumps for Dry Pit Service
General

Pumps for dry pit service shall be single-stage, horizontal shaft, nonclog, end inlet, top discharge, centrifugal type. The pumps shall have volute
casings with flanged suction and discharge..... pumps shall be furnished having a capacity of U.S. gpm at a total head of.... feet, and a secondary
capacity of.... U.S. gpm at a total head....of feet. Shut-off head shall not exceed..... feet. Motor horsepower shall be not less than HP and speed
shall be rpm.

Casings

The volute casing shall be a substantial casting to withstand the abrasive action of sand and other foreign matter contained in the stormwaters,
and shall be equipped with a hand-hole or access to the suction side of the impeller.

Solid casing pumps shall be built so that the shaft, impeller and bearings may be removed by unbolting the backhead. Horizontal split casing
pumps shall be split on the horizontal axis.

Each casing shall be provided with eyebolts or lugs for lifting and handling with the shaft in a horizontal position. Suitable feet and sole plates with
anchor bolts or baseplates shall be provided for each pump. The feet and sole plates for the pump shall be designed to support the entire weight
of the equipment on the foundation without strain on the suction or discharge flanges. Suction and discharge nozzles shall be flanged with drilling
and dimensions meeting the requirements of ANSI B16.1, Class 125.

Impellers

Impellers shall be of the enclosed type, bronze, dynamically balanced, and designed to prevent clogging and to pass trash and stringy material in
the stormwaters. Impeller vanes shall have well rounded entrances, finished all over, and all water passages shall have smooth contours free
from sharp edges. The impeller shall be secured to the shaft by a key, and shall be held in place by an impeller nut. After the impeller nut is
tightened, it shall be held in place by an ample sized set screw in a tapped hole, and embedded at least 3/8" into the impeller or the pump shaft. It
is the intent to secure the impeller to the shaft in such a manner that the impeller cannot become loosened due to torque resulting from rotation in
either direction. The nut shall be recessed into the impeller hub and shaped to provide smooth flow at the eye of the impeller. The arrangement,
however, shall provide for easy removal of the impeller.

Shafting Assembly

The pump shaft shall be made of AISI type 416 stainless steel, ground and polished, and key seated for mounting of the impeller and coupling
between motor and pump. The shaft shall have a replaceable stainless steel shaft sleeve with a ceramic coating (600 Brinell) where it passes
through the stuffing box.

The pump shaft shall be of sufficient diameter to carry the maximum load imposed, and to assure rigid support of the impeller and to prevent
excessive vibration at the operating speed.

Bearings

Each pumping unit shall be provided with guide bearings of the anti-friction ball or roller type of ample size to carry the radial loads, and a thrust



bearing at the coupling end of the frame. Bearings shall be oil or grease lubricated and shall be entirely independent of the casing and stuffing
boxes and shall have sufficient space to allow packing of the stuffing boxes without disturbing the bearings. All bearings shall be made to limit
gauges to assure interchangeability of like parts. All removable bearing housing supports, or brackets affecting alignment shall be shoulder fitted
and provided with adequate dowel pins. Holes with grease relief fittings or brass plugs shall be furnished to facilitate greasing. The relief holes
shall be readily visible and accessible.

All bearings shall be accessible and be designed for convenient repair or replacement, and shall have a B-10 life of 50,000 hours.

Lubrication

Anti-friction bearings shall be either oil or grease lubricated. If grease lubricated, provision shall be made to maintain a reserve of grease to
assure positive lubrication.

Each bearing shall be individually piped to a fitting conveniently located.

If oil lubricated, a reservoir system or other approved method shall be used. All bearings shall be provided with oil reservoirs to insure a constant
supply of clean oil and with suitable gauges to give visual indication that an adequate supply of lubricant is available and is being supplied to the
bearings.

Stuffing Boxes

Each pump shall be provided with a stuffing box to exclude air from the casing and to reduce water leakage to a minimum. Each stuffing box shall
be provided with a water seal and bronze split type gland designed to facilitate adjustment and repacking. Stuffing boxes shall be properly packed
with suitable packing material.

General Construction Features

The pump shall be built so the shaft, impeller and bearings may be removed by unbolting the back head and not disturbing the piping.

A spacer coupling shall allow the removal of the pump without disconnecting the motor. The pump shall have axial external impeller adjustment to
adjust the case impeller clearance without disassembling the unit and shall not depend on shims or spacers.

Wearing Rings

Removable wearing rings shall be installed at the inlet side of the impeller and at the casing of the pumps. Wearing rings shall be made of series
400 stainless steel. The Brinell hardness shall not be less than 300 for the casing rings and 350 for the impeller rings. Wearing rings shall be
secured in a manner to prevent loosening in normal operation or by reverse pump rotation. Wearing ring clearances shall be not less than 1/1000
of an inch per (1) one inch of wearing ring diameter. The casing ring shall be drilled and tapped to allow flushing from an external source.
Replaceable wearing plates meeting the requirements of the above specification may be furnished instead of wearing rings.

Pump and Motor Base

The base for each main pump and motor shall be of cast iron or welded steel construction and of such rigidity as to keep the pump and motor in
alignment permanently. The base shall be furnished by the manufacturer of the pump and the pump and motor assembled thereon and aligned
by him. The units shall be connected with a flexible coupling of a type recommended by the pump manufacturer. The coupling shall be equipped
with a guard that meets OSHA requirements to prevent accidental contact.

Installation

The pumping unit shall be set in place on leveling devices. All suction and discharge piping shall be in place and all flange bolts tightened. The
nuts of expansion type anchor bolts shall be tightened against the base. The space under the base shall be packed with non-shrink grout and the
void within the base shall be completely filled with non-shrink concrete and the anchor bolts retightened.

Testing and Guarantees



Any requirements considered necessary for performing testing, guarantees or the like should be added to suit the specifying agency.

Protective Coating

The required standard of protective coating must also be specified.

9-F Screw Pumps
The principle of pumping water with a screw pump has been known since its invention by the Greek mathematician, Archimedes, in the third century, B.C.
After the piston pump was developed in the nineteenth century, and later the centrifugal pump, the screw pump was considered obsolete because of its lower
head capacities.

Since 1950, the screw pump has been redeveloped because it offers many advantages over centrifugal pumps. Screw pumps are nonclogging, require no
pre-screening and pass any debris as large as the gap between the screw flights. They operate at slow speeds and require only minimum repair and
maintenance. They are highly efficient over most of their operating capacity and pump from zero to full capacity according to inflow to the station. Twenty feet
of lift to a free discharge is readily obtained and this range will be found suitable for many highway pumping requirements. Pumps are manufactured with
one, two or three flights, the greater number of flights increasing the capacity, but reducing the head. Several angles of inclination are available, but the 30°
slope is most applicable for highway use. For economy and reliability, two or more screw pumps are usually installed in a given pump station.

Figure 9-26 shows the general arrangement and principal parts of the three-flight pump. Figure 9-27 shows a tabulation of pump characteristics and typical
performance curves. Hydraulic and construction details for screw pumps are shown in Figure 6-9, Chapter 6 - Wet Pit Design.

The following general description of screw pump components and features will be found suitable as a guide for the writing of a specification, the number of
pumps and required head and capacity being stated as necessary. Although electric motors are normally used for screw pumps, gas engines driving through
reduction gears have been utilized.

Screw Pump Components and Features
Lower Bearing

The lower bearing is a grease lubricated sleeve bearing that is totally enclosed, hermetically sealed, and automatically lubricated. Radial forces
are absorbed by the lower bearing, which is fitted into a fabricated housing of special design. A mechanical lip seal keeps water from the bearing.
An automatic grease pump lubricator driven by a 1/3 HP motor feeds grease to the bearing housing during operation. The shape of the bearing
housing assures an even flow of lubricant.

The sleeve bearing compensates for changes in overall length of the screw caused by temperature changes. A shield shall be provided in front of
the bearing in the influent chamber to prevent floating debris from winding around the shaft.

Upper Bearing

The upper bearing carries the weight of the screw and water and absorbs the thrust of the pumping action. It is a dual bearing fitted into a special
split housing. The split housing permits easy access of the two bearings. A thrust bearing absorbs the thrust from the pump; a radial bearing
absorbs radial loads. The housing is double sealed to protect the bearing from foreign materials.

Drive

The screw pumps shall be motor-driven through a double reduction helical gear reducer and flexible coupling or shaft mounted reducer. The gear
reducer steps down motor speed to screw speed and is connected to the motor by V-belts. Loading is low because the screw is empty while
starting. Backstops are required on all units to prevent reverse rotation if the screw is shut down. All screws should be furnished with backstops
as standard equipment. Neither a variable speed drive nor complex electrical controls are needed. Automatic operation can be arranged with



electrodes or pneumatic water level controls.

Screw

The spiral screw consists of a hollow revolving steel tube to which is mounted helically shaped frighting made of steel and continuously welded
on both sides to the tube. For varying operating requirements, the screw can be designed for 1, 2 or 3 flights. End plates should be welded to the
tube ends, to which the bottom and upper end bearing stub shafts are bolted. Screw length is limited by deflection. All screw pump parts coming
into contact with the waters should be sand blasted and sprayed with a special corrosion-resistant coating. A steel deflector plate mounted on the
screwtrough should curve around the upper section of the screw to prevent spills as the screw rotates.

Safety

The screw should revolve in an open trough (part of which is located in a pit), and every precaution should be taken to prevent personnel from
entering the pumping area. The pit should be covered with grating, and handrails should be installed between the trough and the service stairs,
all as shown on plans. The control equipment for the drive motor should be interlocked so that the screw cannot be started accidentally.

Figure 9-26. General Arrangement



Figure 9-27. Screw Pump Characteristics

9-G Angleflow Pumps - Vertical Type
This type of pump is illustrated in Figure 2-5, Figure 2-6, Figure 9-28 and Figure 9-29. The first two of the figures show a typical arrangement with the pumps
taking suction from the wet-well through elbows and piping to the bottom flange of the casing. The vertical drive shafts to the motors will also be observed.
The second two figures show details of pump construction and are extracts from a manufacturer's catalog. Note that these pumps are available in a wide
range of sizes and capacities. They can also deliver at high heads. There is great similarity between this pump and the horizontal non-clog centrifugal.

Typical specification data is included as Figure 9-30 continued with Figure 9-31 to show alternate materials which are available for impellers and other parts.

This type of pump is sometimes mounted on a cast-iron base which incorporates a suction elbow turning from horizontal to vertical. Also the motor is
sometimes mounted on top of another metal support frame attached to the top of the pump. This eliminates the long vertical shaft as shown in Figure 2-5.

Some manufacturers refer to this type of pump as a sewage pump. It is of the non-clog type and depending on size can pass spheres up to six inches in
diameter. This may be of value where trash screening is inadequate.

An advantage claimed for this type of pump is the small floor area required to accommodate it. For the small dry-pit station illustrated in Figure 2-1 and
elsewhere this type of pump could be considered, mounted vertically. A disadvantage would be the two additional elbows required, one in the suction and



one in the discharge compared with the piping arrangement shown in Figure 2-1.

When this type of pump is being considered the catalogs of several different manufacturers should be studied in order that the various features of the pump
are fully understood. From the data herein and from the catalogs an adequate specification can then be developed.



Figure 9-28



Figure 9-29





Figure 9-30



Figure 9-31

Go to Chapter 10



Chapter 10 : FHWA IP-82-17
Electric Motors for Stormwater Pumps
Volume I

Go to Chapter 11

10-A General

The purpose of this Chapter is to familiarize the pump station designer with electric motors
sufficiently to ensure that requirements can be understood and properly specified. Three types of
motor need to be considered. These are the vertical, horizontal and submersible types.

It is not necessary to consider direct current (D.C.) motors because electricity supply in the United
States is virtually all alternating current (A.C.). This is transmitted from generating stations at high
voltages, stepped down by transformers to lower voltages suitable for power supply to large motors
and to even lower voltages suitable for small motors and domestic appliances and lighting. The
supply is 60 cycle frequency, or hertz.

In order to increase efficiency, power is generated in separate circuits or phases. These are
interconnected to produce a polyphase supply with desirable system characteristics Interconnection
into a three-phase system is used the most extensively and is the only system necessary of
consideration here. conventional three-phase 480 v. A.C. supply may utilize three or four-wire
service. The matter of supply voltage and three or four-wire service is dealt with in greater detail in
Chapter 12 - Electrical Systems and Controls.

Domestic lighting and power in the United States is alternating current (A.C.) transformed for safety
to only 110 to 120 volts, and only a single phase is used. Most appliances are manufactured for this
voltage range. Some domestic appliances require from 208 to 240 volts, which can be delivered
either single phase, or three-phase. However, because of limitations on the combination of voltage
and current, only motors of very low horsepower can be operated at these low voltages. For the
motor horsepower range required for stormwater pumps, three-phase alternating current at or about
480 volts is necessary. Sometimes where larger motors are used, the supply voltage may be higher.

The speed at which a motor will run depends on the supply voltage and the style of the stator
windings. The speed is determined by design and manufacture and is not usually variable. The
power in watts needed to operate a motor is a combination of voltage (intensity or pressure) and
amperes (flow or current). Larger motors need a combination of more voltage and amperes, but
there is a practical limit on the amperage or current due to the physical size of the copper
conductors. Therefore, a higher voltage is necessary for larger motors.

For motors below 5 horsepower, single-phase A.C. service at 120 volts or three-phase service at
208 v. or 240 v. is appropriate, but three-phase service at higher voltage is preferred, especially
where there are larger motors at the same location. For motors between 5 and 400 horsepower,
three-phase A.C. service at 480 volts is appropriate. Few motors over 5 HP are manufactured for
other than three-phase service at 480 v. and this may be regarded as standard for stormwater pump
stations. For motor horsepowers in excess of 400 horsepower, three phase A.C. service at 2,300 v.
or 4,160 v. is appropriate. Several pump stations illustrated in Chapter 2 - Review of Current



Practice, have motors operating at 2,300 volts.

Electric motor construction is frequently described by the type of winding employed to create the
magnetic field and rotational effect. Types include synchronous, wound-rotor induction and
squirrel-cage induction. The following text deals only with squirrel-cage induction motors, since this
type of motor is the most suitable for stormwater pumping, and is invariably used. Squirrel-cage
induction motor windings may be arranged in various different patterns so that different speeds
result at the same input frequency. Dual-speed or variable-speed motors have little or no place in
stormwater pumping; therefore, they are not discussed. Because of necessary details of
construction, the vertical pump motor is far more expensive than a horizontal motor of the same
horsepower. Usually, the cost of the vertical motor exceeds that of the pump. Similarly the
submersible motor would be the most expensive part of the entire submersible pump.

How motors are started is important. Depending on connected load, system capacity and other
factors, the utility may permit motors to be started "across-the-line", that is, by being directly
exposed to the line voltage when stationary. This is the most economical since it avoids the use of
an expensive starter. The alternative to across-the-line starting is known as reduced inrush starting
in which the starter acts to reduce the voltage at the time of starting and increases it over a short
period of time to the actual line voltage. The serving utility has to approve across-the-line starting
installations on an individual basis and, where not compatible with the system capabilities, the
serving utility will not approve and reduced inrush starting must be used.

Motors are manufactured in accordance with NEMA (National Electrical Manufacturers Association)
Standards. ANSI (American National Standards Institute) and IEEE (Institute of Electrical and
Electronic Engineers) also have standards. Testing of motors is performed in accordance with
standards developed by the IEEE.

With motors, as with pumps, the pump station designer must place reliance and responsibility on
the manufacturer.

10-B Performance and Characteristics

Motors are manufactured in standard horsepowers, stated in round numbers which increase by 5,
10, 15, 25 and 50 HP intervals as sizes increase. An exception is a certain make of submersible
pump where an irregular progression of motor sizes prevails to over 100 HP, tailoriing the motor
exactly to the maximum impeller input HP required. Only three-phase induction motors need be
considered They have good dependability, simplicity of design and are relatively low in cost.
Induction motors have two mechanical members, one stationary and one rotating. The members are
normally separated by a small air gap, but this is oil-filled in some submersible motors. On the
stationary member or stator, a primary three-phase insulated winding connected to the main
electric-power lines sets up a synchronously rotating magnetic field in the air gap. The rotating field
induces currents in the rotor or secondary winding, provided the rotor runs slower than the
synchronous speed. Thus, torque is developed to turn the rotor and drive its connected load. The
amount by which the rotor runs slower than the synchronous speed is known as rotor slip, and is
expressed as a percentage of synchronous speed. Slip is greater at full load than at no-load.

The squirrel-cage induction motor gets its name from the rotor, built similar to a squirrel-cage
running wheel. The secondary winding is embedded in slots near the periphery of the rotor. The
winding consists of uninsulated slot-embedded copper, copper alloy, or other suitable bar or rod



materials. The starting torque, current and full-load speed are fixed, depending on the manner in
which the cage-type rotor is built.

Motor performance data gives the properties associated with the motor design and load
requirements. Motor performance must suit the requirements of the drive to assure economical and
successful operation.

Every motor carries a nameplate marked with the following minimum information:

Manufacturer's name and motor serial number;
Horsepower output, (H.P.);
Supply voltage, (v);
Cycle frequency or hertz (usually 60 hz.);
Number of phases (usually 3 φ);
Current in amperes (amps) at rated load (horsepower output);
RPM at rated load;
Service Factor;
Temperature rise; and
Type of enclosure.

All performance data is based on supply voltage and frequency values stated on the motor
nameplate, unless otherwise specified.

The service factor is a multiplier which when applied to the nameplate horsepower rating indicates
the maximum permissible loading on the motor without being harmful. A common service factor is
1.15, and this is recommended for pump motors.



Figure 10-1. Typical Torque Curves for NEMA Design B, C, & D Squirrel-Cage Induction
Motors

The allowable temperature rise depends upon the class of insulation. The nameplate shows the
allowable temperature rise when measured by thermometer applied to the surface of the hottest
accessible part. Temperature measurements made in this manner should not exceed the nameplate
value, plus a standard ambient temperature of 40°C. The standard ambient temperature is warmer
than usual room temperature, to provide for satisfactory operation under warmer than normal
conditions. Overheating and damage to the insulation of the windings is the principal cause of motor
failure.



The efficiency or power factor of a motor is an important consideration. When a motor is connected
in a circuit and running, the voltage and current may be out of phase, so that the product of volts
and amperes, called volt-amperes or apparent power will be greater than the watts consumed by
the circuit. The ratio of actual watts consumed by a circuit to the volt amperes of apparent power of
that circuit is called the power factor. Using the terms kilowatt (kw) for units of 1,000 watts input and
kilovolt-ampere (kva) for output, the power factor of a motor is the ratio of the kilowatt (kw) input to
the kilovolt-ampere (kva) output, expressed as a number usually between 0.8 and 1.0. Power factor
for squirrel-cage motors usually is highest at rated load and drops off with decrease in load. As high
a power factor as possible is desired because this is one of the items considered by the serving
utility in determining its billing to the user. There is a cost penalty for low power factor. Capacitors
are sometimes used in a circuit to improve power factor.

Full-load torque is the torque necessary to produce rated horsepower at full load speed. The
horsepower multiplied by 5,252 and divided by the full-load rpm gives the full load torque in
foot-pounds. Locked-rotor torque (static torque) is the minimum torque the motor will develop at rest
for all angular positions of the motor with rated voltage and frequency applied. Pull-up torque is the
minimum torque developed by a motor during the acceleration period from rest to the speed at
which breakdown torque occurs. Breakdown torque is the maximum torque a motor will develop at
rated voltage and frequency without an abrupt drop in speed. See torque curves for NEMA Design
B in Figure 10-1.

Locked rotor current is the steady-state motor current taken from the line with the rotor locked at
rated voltage and frequency. Locked-rotor current at full rated voltage should be kept low,
consistent with required locked-rotor torque and breakdown torque, to minimize supply-voltage dip
and large KVA demand. Locked-rotor current may be specified in amperes, as percentage of
full-load current or by means of a code letter.

Motor application data for centrifugal pumps must be accurately defined because pump
characteristics vary widely, but the responsibility of matching motor and pump is that of the pump
manufacturer, not the pump station designer.

The electrical design classification for a standard squirrel cage induction motor with normal starting
torques and normal starting currents is generally identified as NEMA Design B. This design is ideal
for typical pump loads. It has high full load speed, high efficiency, standard starting torques and
relatively low starting current.

Starting torque requirements of centrifugal pumps are quite moderate. 10 to 20 percent of full-load
torque will usually start these pumps from rest. Refer to Torque Curves, Figure 10-1. One exception
is low-speed vertical pumps. They have high thrust loading and may require 40 percent starting
torque.

Normal starting torques range from 60 to over 100 percent of fullload torque, depending on
horsepower and speed. As horsepower rating increases for a given speed, the starting torque tends
to decrease. Breakdown torque is between 175 and 200 percent of full-load torque and occurs at
approximately 92 percent of full normal speed. Normal starting current is approximately 550 to 700
percent of full-load current. Motor slip is low in a NEMA Design B, approximately 0.1 to 2.5 percent
from no load to full load. Deficiencies in motor torque during starting must be considered when
voltage or frequency deviations are anticipated. Torque varies as the square of the voltage and
inversely as the square of the frequency. Thus, if voltage is raised 10 percent, torque increases 21



percent, or if frequency is lowered 5 percent, torque is raised 11 percent.

Service conditions should be included in the motor specifications, especially those that may deviate
from normal or standard, such as unusual voltage variations, ambient temperature above 40°C or
below 10°C, and operation above 3,300 ft. elevation. Increase in supply voltage will increase the
synchronous speed of a motor. Squirrel-cage motors will withstand about 20 percent overspeed of
their synchronous speed without mechanical damage. Thermally, the motor capacity is increased
about one percent for each degree the ambient is below 40°C and decreased for the same amount
for each degree it is above this value.

10-C Insulation
The electrical-insulation of an electric motor is one of its most important components. While the
insulation is often considered a non-wearing part, thus non-aging, it is probably the part of a motor
most easily damaged during handling or maintenance and the most susceptible to degradation from
normal and abnormal operating conditions and from environmental conditions. Use of insulation with
high dielectric-strength is the most important, especially in motors operating at 460 volts and above.
Insulation in motors large enough to drive stormwater pumps is expected to be serviceable for
upward of 20 years with minimal maintenance. To project long life is exceedingly difficult, primarily
because of the inability to anticipate and control damage due to the corona activity and the effect of
heat.

NEMA design standards provide for a number of classes of insulation, depending on size and
service of motor. These classes specify the hot-spot temperature which the insulation can resist
without damage as follows:

Class A Hot-Spot Temperature 105°C
   "       B "   " " 130°C
   "       F "   " " 155°C
   "       H "   " " 180°C

Usually, large motors are Class B insulated,with a trend to Class F. A motor may not require a high
hot-spot rating. However, an insulating system that can operate at higher temperatures will provide
greater reliability for a longer time because it can more effectively withstand the damaging heat of
short-time overloads.

Since starting current is from five to seven times the full-load operating current, each start
temporarily overheats the motor insulation, and the life of the motor is reduced by the number of
starts. Normal motor overload protective relays will not protect a motor against damage from too
frequent successive starts, so it is necessary to limit the number of starts over a given period of
time. NEMA design standards state that large motors should be capable of withstanding two
successive starts from ambient temperature and one start from rated operating temperature during
each hour, providing the design load conditions are not exceeded. If the motor can come up to
speed with little or no load, the heating effect is much less.

In unattended pump stations, it would be possible to have a malfunction in the water level controls
which would cause cycling of the motor on and off without tripping the motor overload relays, thus
causing damage to the motor windings. To prevent the motor from exceeding the thermal limits, it is
advisable to provide a restart permissive timer in the automatic control circuit to ensure a sufficient



cooling-off period between starts. The timer should be connected so that starts will not be prevented
after a sufficient running period. Also, the timer should function to prevent re-starting while the pump
is back-spinning from reverse flow.

10-D Bearings
Motor bearings, plain or antifriction, support and control the motion of a rotating shaft while
consuming a minimum of power. Plain bearings are either sleeve or thrust types that depend on a
lubricating film to reduce friction between the shaft and the bearing. When properly designed and
lubricated, plain bearings develop oil films which have tremendous load-carrying capabilities.
Antifriction bearings operate on the principal of rolling contact between elastic circular bodies. The
resistance of this rolling action is quite low. At low speeds, ball and roller bearings develop so little
resistance through rolling that they are superior to plain bearings. Individual antifriction bearings can
support, at the same time, both radial and thrust loads in varying degrees -- a characteristic not
typical of plain bearings. Antifriction bearings require only small amounts of lubrication and they are
relatively insensitive to viscosity changes. When too much grease is used, the turning action of the
rolling element produces excessive fluid friction, thus overheating.

The life of ball or roller bearings depends on fatigue strength of the material and decreases as
speed and load increases. Labyrinth and rotating seals and other mechanical and chemical devices
help protect against unfavorable environmental conditions, such as vibration, poor fits, corrosion or
abrasive dirt. Normally standard horizontal motors up through 125 horsepower, 1800 rpm, are
furnished with radial deep-groove ball bearings which permit the motor to be mounted in any
position, including vertical, providing the downward thrust on the shaft is less than the weight of the
motor. Bearings in vertical motors require special considerations. Both ball and roller, as well as
sliding element-type, are used to carry the weight of the motor rotating element and in some cases
the weight of the pump shaft and impeller. Data in Section 9-A explain bearing life criteria.

10-E Enclosures
Motor enclosures, or types of frame design, may be open, totally enclosed, or submersible.

Open-type motors have ventilating openings to permit the unrestricted passage of air over the
windings, and are of three types: protected motors which have each opening limited in size and
shape, generally not to exceed one-half square inch; drip-proof motors which are constructed so
that drops of liquid or solid particles which fall at an angle of 15 degrees from the vertical are
prevented from entering; and splash-proof motors which have openings so protected that drops of
liquid impinging at an angle not greater than 100 degrees from vertical cannot enter the motor
directly.

Totally-enclosed motors prevent the exchange of air between the inside and outside of the motor,
but are not completely airtight. These also are of three types: Nonventilated (TENV) motors which
have no provisions for external cooling other than fins or radiating surfaces on the frame; fan-cooled
(TEFC) motors -which have integral fans for external cooling of enclosing parts; and explosion-proof
(TEXP) motors which can withstand explosion of vapor within the motor and prevent the ignition of
gas vapor outside the motor by this explosion.



Submersible motors are designed in one of several special fashions for operation while totally
submerged in water having a temperature not exceeding 25 C.

Most motors in pump stations are air cooled and of the opentype, either forced or self-ventilated.
The manufacturer, in conforming to NMA Standards, will make provision for passage of sufficient air
to cool the motor.

The motor stator frame should be of steel or normalized cast iron, accurately machined and drilled
to receive the end brackets and bearing supports. The motor should be balanced after assembly to
an overall vibration amplitude peak-to-peak of not more than .001 inches.

All vertical motors of one hundred horsepower and over should have the thrust bearing and lower
guide bearing oil lubricated, with visible means for checking oil level and quality. Motors below one
hundred horsepower may be grease lubricated, but the system must provide for flushing out and
replacing old grease.

Enclosures for motors will be found to vary in physical shape and appearance. A comparison of
Figure 10-3 through Figure 10-5 will show the variation for horizontal motors of different
manufacture. As motors increase to the very large size, they will assume a more rectangular shape,
due to ventilation requirements. Figure 10-2, Figure 10-6 and Figure 10-11 will make this clear.

Operating conditions at many pump stations will subject electric motors to a prevailing dampness,
and possibly extremely low ambient temperatures. If so, space heaters should be used in open-type
motors to prevent condensation of moisture on cores, windings and wiring while the equipment is
not in use.

Heater units of strip-type are located in the bottom of the motor enclosure so convention currents
carry the heat upward. It is usually desirable to turn the heaters on with a normally closed contact
on the motor starter. A pilot light should be used to indicate that the heater is energized. The heater
elements should be located so that they can be replaced without dismantling the motor.

Another precaution with open-type motors is the provision of rodent screens. Varnish on the winding
insulation is attractive to rodents.

The usual voltage of heaters is 240 v., and a separate junction box may be provided to allow for
easy connection, as shown in Figure 10-2. The heater elements must always be insulated
electrically from the motor frame. The power requirements can be estimated roughly as 0.5 to 1.0
kilowatts per 1,000 horsepower.

Motor noise is more noticeable with open-type motors than totally enclosed. It is impossible to
eliminate noise completely. Housing in a concrete or masonry structure is probably the most
effective means of reducing it. Procedures for determining motor noise is described in IEEE
Standard #85 Test Procedure.

10-F Starting
The starting of an electric motor from rest usually requires relatively expensive accessory
equipment. It is rarely a simple matter of wiring through a three-pole switch to the motor, which is
known as full-voltage or across-the-line starting. Motor starting characteristics must be compatible



with the electrical utility distribution system and with the requirements of the motor application. 100
h.p. is often the limit for across-the-line.

The two methods of starting squirrel-cage induction motors are either full-voltage, across the line,
which is the most economical and simplest method, or reduced inrush starting which can be
effected in a number of ways with additional wiring and equipment. This extra gear may cost more
than the motor itself.

Using across-the-line starting the motor current will be many times the rated full-load current and
the power factor will be low during starting. The approximate ratio of starting inrush current to
full-load current is 6.25:1. This puts a high-current surge on the electrical distribution system until
the motor has accelerated to rated speed. Most utility companies have definite restrictions on
permissible starting current (sometimes referred to as locked-rotor KVA). This is because in some
locations the resulting dip in line voltage due to starting inrush would produce objectionable light
flicker or other disturbances.

Figure 10-2. Very Large (700 HP) Vertical Motor Mounted on Above-Floor Discharge Vertical
Pump, I-696 Station

Detroit, Michigan (See Figure 2-14)



Figure 10-3. Horizontal Motor (25 HP) Driving Non-Clog Centrifugal Pump in Dry-Pit Station
Los Angeles, CA (See Figure 2-1)

Figure 10-4. Typical Horizontal Motor (25 HP) for Non-Clog Horizontal Pump in Dry-Pit Station
Los Angeles, CA (See Figures 3-1 and 3-2)



Figure 10-5. View of Same Pump Station Equipped with Two 25 HP and One 10 HP Motors

Reduced inrush starting is of various types and may be effected by step-switching the motor starter
winding, such as with partwinding and wye-delta starting, or by voltage reduction as in reactor,
resistor and auto-transformer starting. The various types of starting are illustrated in Figure 10-7.

Closed transition starting is now practically a standard requirement. This means a method of
starting that will not open the circuit between the motor and line during starting. The starting
methods in the tabulation below are all closed transition. A brief explanation of the types follows:

Characteristics of Types of Starting
In Percent of Rated Starting Values

Motor
Voltage

Motor
Current

Line
CurrentTorque Torque

per KVA

Full Voltage 100 100 100 100 100

Part Winding High Speed
100 70 70* 50* 72

Low Speed
100 55 55* 50* 90

*Figures above are for 2-step part-winding starting and are approximate.
Actual values will vary with the motor design application.

Reactor or Resistor 80
65
50

80
65
50

80
65
50

64
42
25

80
65
50



Auto-Transformer 80
65
50

80
65
50

64
42
25

64
42
25

100
100
100

Wye-Delta 100 33 33 33 100

Full voltage starting gives the highest starting torque efficiency -- that is, the highest torque per
starting KVA. Full voltage starting should always be used unless power system disturbance makes
reduced current inrush necessary, or torque increments are required in starting. See Figure 13-1
also.

Part-winding starting is effected by connecting the sectionalized, parallel stator windings to the line
in two or more steps. This type of starting requires no auxiliary current reducing device and uses
simple switching. If the motor can be designed for part-winding starting, resultant starting torque and
reduced inrush possibilities may meet the requirement of the load and system at least possible
expense.

Figure 10-6. Typical Large Horizontal Motor



Figure 10-7. Types of Starting

Reactor or resistor starting requires inserting an impedance (reactor) or resistance (resistors) in the
circuit during motor starting. Torque per KVA is lower than with auto-transformer starting. For



increment starting, more than two resistance steps may be used.

Auto-transformer starting requires the use of an auto-transformer to reduce voltage to the motor.
Addition of switches in the autotransformer interconnection provides closed transition in transfer to
full voltage. Ratio of starting torque to starting KVA is highest with this type of starting.

Wye-delta starting results from switching the windings on a motor designed for wye-delta
connection, and provides closed transition by use of a small resistor inserted during transfer. When
wye connected, winding voltage is 58% rated value.

Any reduction in starting KVA will be accompanied by at least an equal reduction in break-away
torque and accelerating torque. Therefore, requirements of the driven equipment must be
compatible with the starting method utilized.

10-G Testing
All motors are tested by their manufacturers. The designer may specify that test results be certified
and furnished as part of the shop-drawing procedure, showing compliance with NEMA and other
specifications.

Test procedures should be made in accordance with IEEE Procedure 112A, and motor tests may be
routine or complete.

The routine (or commercial) test consists of:
Measurement of winding resistance,.  

No-load readings of current and speed at normal voltage and frequency; andb.  

High-potential test for motor insulation.c.  

Each motor intended for use in a pump station should be required to be subjected to commercial
test and be accompanied by a complete test report of a duplicate motor in accordance with NEMA
test standards. The commercial test report should be submitted to and approved by the pump
station designer before the motor is shipped to the pump company for laboratory testing of the
pump.

The complete test includes routine test as above: full-load temperature rise, speed, efficiency and
power-factor, torque values for locked-rotor, pull-up, breakdown and full-load speed; noise rating;
and vibration at no load and full-load.



Figure 10-8. Typical Large Vertical Motor

10-H Summary
Vertical motors are electrically similar to horizontal motors and are primarily designed for driving
vertical pumps. To provide greater torque capability at less weight, the hollow shaft has been
adopted as standard. It also allows adjustment of the pump shafting at the top of the motor, where it
is easily accessible instead of a hard-to-reach and expensive adjustable flanged coupling in the
pump pedestal.



Vertical motors are frequently mounted on the pump head. However, in stormwater pump stations
with vertical pumps, the motor should be mounted on a pedestal above the pump base-plate. Refer
to Figure 9-12 in Chapter 9. In addition to standard motor requirements, vertical motors are
classified primarily by their capacity to carry external axial thrust. The vertical motor bearing system
is usually designed to carry the weight of the motor rotor, the dead weight of the rotating pump parts
and the hydraulic thrust produced by the pump. Pumps generally develop downthrust at their
operating design point, but can and do at various points on their operating curve produce a
momentary or continuos upthrust condition. The possibility of exceeding this capability, however,
makes it imperative that a complete description of all thrust conditions which might be encountered
in the operation of the pump be considered to assure a bearing arrangement suitable for the
application.

Figure 10-8 is a cut-away section of a large vertical motor as manufactured by U.S. Motors. The
heavy-duty thrust bearing near the top of the motor and the provision of cooling water to this vital
motor element can be seen. This motor does not have a non-reverse ratchet. Figure 10-9 is a
photograph of the identical make of motor mounted on top of a combination gear drive. Differences
in configuration will be noted compared with the motors of another manufacturer shown in Figure
10-10.

Horizontal motors are designed to operate with the shaft in a horizontal position. The best overall
efficiency of a drive system is obtained when the motor is positioned as close to the pump as
possible. Most horizontal motors are supplied with foot for mounting to a base. See Figure 9-24. If a
motor designed for horizontal use were to be mounted vertically, special consideration of the
bearing arrangement and lubrication would be required. Typical horizontal motor applications are
shown in Figure 10-3 through Figure 10-5, and a very large motor is shown in Figure 10-6. Most
submersible motors are filled with highly refined transformer oil which serves to lubricate the
bearings, insulate electrical parts and dissipate heat. Spring-loaded rotary shaft seals are used.
Submersible air-filled motors are also produced. Reference to Figure 9-19 and Figure 9-22 will show
details of construction.



Figure 10-9. Large Vertical Pump (U.S. Motors, 200 HP) Mounted on Combination Gear Drive
U.S. 59, Texas (See Figure 2-15)

Figure 10-10. Vertical Motors (General Electric, 20 HP) Mounted on Above-Floor Discharge
Vertical Pumps

Detroit, Michigan (See Figure 2-8)



Figure 10-11. Very Large Vertical Motor

Go to Chapter 11
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11-A General
Internal combustion engines are used extensively as drivers for vertical pumps. Occasionally they may be used to
drive screw or angleflow pumps. The primary factor in selecting an engine for any pumping application is that it be
suitably sized to avoid over loading when continuously producing sufficient brake-horsepower, which is the
measurable horsepower of the engine at the output shaft available for driving the pump. Engines may also drive
electric generators at pump stations, usually on a stand-by or emergency basis. See Chapter 13 - Emergency
Generators.

The engine fuel may be gasoline, natural gas, diesel, or liquefied petroleum gas (LPG). Most smaller engines are
able to use gasoline, natural gas or LPG interchangeably. These engines run at speeds up to 2,400 revolutions
per minute, and the largest models in this range are rated at a maximum of about 110 brake-horsepower. They
are sometimes referred to as automotive type due to their oil pan being of the type used in automotive
applications.

Automotive type engines may have sufficient horsepower to drive smaller stormwater pumps, but a larger
stationary type of engine is usually required. These have a base type oil pan giving better access to crankshaft
and bearings. As the engine size increases, the revolutions per minute decrease, 1,200 rpm being the
conventional maximum speed of larger engines used for pumping applications. Natural gas and LPG are the
predominating fuels for these larger engines. Four-cycle engines only are discussed.

Diesel engines of four-cycle type are usually available in the same sizes or cylinder displacements as the gas
engines. However, for pumping applications, natural gas engines are preferred over diesel engines for several
reasons; mainly, they are more economical to operate, require less maintenance, and start more reliably when
unattended. Therefore, the discussion which follows refers principally to engines fueled by natural gas, including
LPG as an alternate.

Engines require a drive shaft and some form of gear drive to transmit power from the horizontal crankshaft to the
vertical or inclined pump shaft. These items are described as accessories and discussed appropriately.



Figure 11-1. Small Engines





Figure 11-2

11-B Engine Types and Sizes
There is a very small number of manufacturers of natural gas engines of the sizes usually required. As a result,
manufacturers' illustrations in this Chapter are limited to two firms only. Drawings and photographs of actual
installations supplement the manufacturers' data.

A range of small engines of the so-called automotive type is the VR series manufactured by Waukesha Engine
Division of Dresser Industries, Inc. These range from the smallest engine with a maximum rating of 32 bhp, to the
largest engine of the series with a maximum rating of 88 bhp, using natural gas. The same engines running on
gasoline will develop about one-third more power. Figure 11-1 is an illustration of the Waukesha VR series
showing the principal engine data. Note that maximum horsepowers quoted are peak figures which must be
reduced for either intermittent or continuous service. Ratings are corrected to standard barometric and
temperature conditions. Torque, another important measure of output is also stated. Note that maximum torque is
at much less rpm than maximum bhp.

With Waukesha engines, the model number of the engine refers to its displacement in cubic inches. Thus, the
smallest engines numbered by model from 155 to 310 have displacements ranging from 155 to 310 cubic inches.

The next model illustrated and referenced is the Waukesha F1197, with 6 cylinders and 1,197 cubic inch (19.61
liters) displacement. Figure 11-2 shows performance for this engine with various fuels and compression ratios.
Note maximum, intermittent and continuous bhp ratings, and corresponding torque values.

A further step larger is the Waukesha F1905 series engine, another 6-cylinder model made by this manufacturer.
Catalog information included is Specifications and Optional Accessories, Figure 11-3 and Dimensions for Model
F1905GU with Power Ratings, Figure 11-4. Some of optional accessories, such as the radiator fan, slightly reduce
the power available from the engine. A selection of accessories is essential to the proper functioning of the engine
however. Figure 11-5 and Figure 11-6 show two F1905 engines being installed.

Other models increasing in size are 6-cylinder in-line or V-8 configurations, but the V-12 arrangement is used for
Waukesha Model L3711 and larger engines. The L3711 is rated at a maximum brake-horsepower of 648 at 1,200
rpm. With accessories and at continuous rating the output is approximately 454 brake-horsepower. This could be
considered to be largest engine likely to be used for pump station applications.

An extensive range of engines is also made by Caterpillar Tractor Co. Figure 11-7 and Figure 11-8 are data
sheets showing the G379 natural gas engine which is a V-8 with 1964 cubic inch displacement.



Figure 11-3. Specifications for Waukesha Model F1905GU





Figure 11-4. Dimensions for Waukesha Model F1905GU

Figure 11-5. Installation of F1905 GU Engine at Westside Pump Station, Long Beach, CA

Figure 11-6. Opposite Side of Engine Showing Provision for Dual Flue Supply, Natural Gas or LPG



Figure 11-7. G379 Natural Gas Engine
Courtesy of Caterpiller Tractor Co.



Figure 11-8

Figure 11-9. Typical Engine Installation



Figure 11-10. Engine Installation with Combination Gear Drive
Houston, TX

Figure 11-11. Combination Gear Drive with Accessories at Above Pump Station



Figure 11-12. Combination Drive

11-C Cooling Systems
Every engine needs a cooling system, and the radiator and fan as normally used for automobiles is generally used
for stationary installations. The coolant is water unless weather conditions would require anti-freeze. There is
sometimes some objection to fan noise, especially in residential areas. In such a case, it is usual to employ a heat
exchanger, whereby the hot jacket water enters one side of the exchanger and the cold stormwater the other. The
jacket water heat is transferred to the stormwater and wasted. Sometimes a circulating pump is required with the
heat exchanger, but Figure 2-20 shows how the pumped stormwater discharge is utilized, draining back into the
pump pit. A piped water supply can also be used. Fans or pumps are accessories which rob the engine of a small
amount of its power. In stormwater pump station design, there is rarely and economic opportunity to use the waste
heat from an engine.



11-D Accessories
The whole array of engine and accessories, drive shaft and right-angle gear drive for the pump is illustrated in
Figure 11-9. The engine assembly with combination gear drive is illustrated in Figure 11-10, while the combination
gear drive is shown in Figure 11-11. The latter figure can be compared with Figure 10-9 which shows the electric
motor surmounting the identical combination gear drive.

11-E Performance Criteria and Specifications
Note that manufacturers may state maximum, intermittent and continuous brake-horsepower ratings for their
engines. For verification, the brake-horsepower of each engine is customarily determined by a dynamometer test
at the factory and is shown on test curves submitted for approval to the customer or in this case to the pump
station designer. Gas engines driving stormwater pumps will have a very long life if their continuous load is held at
or below the manufacturer's continuous rating. The actual brake-horsepower required for the pumping installation
must be computed as the summation of the maximum horsepower input required by the pump, plus 5 percent for
right angle gear losses.

The continuous rating of the engine selected must be equal to or greater than the summation described above for
a conservative selection.

Remember that the horsepower required by a pump at its design point is usually less than the maximum
horsepower required when water is at low level, with the latter usually being an intermittent rather than a
continuous condition.  Considering the short duration of most pumping cycles, a satisfactory rule is that an engine
should not be loaded at any point in its operation above 80 percent of the maximum rated brake-horsepower of
the engine with fan and radiator.  Some agencies are more conservative and consider 70 percent of the maximum
rating as the permissible loading, due to their interpretations of the effects of service requirements which include a
possible increase in the specific gravity of the water due to sand or debris in suspension, and a reduction in the
efficiency of the driven pump due to impeller wear, improper shaft alignment, bearing wear, or the like.  Wear and
tear and reduction of power output of engines over the years will depend on the quality of maintenance service. 
Sometimes vibration perculiarities may develop requiring a speed reduction or other remedial action, but this is
not usual.

In addition to limitations on the percentage of maximum rated bhp for continuous operation, it is possible to
specify minimum displacement and torque, maximum rpm, BMEP and piston speed, materials of construction, but
care must be taken or over-restrictive specifications will result.  Various terms commonly used in the internal
combustion engine industry are now explained to clarify the foregoing.

Displacement, the total number of cubic inches in all the cylinders of an engine, is one of the best descriptions of
size of an engine because it refers to physical dimensions which are not subject to the many varied horsepower
interpretations and speed considerations.

The torque is the "twisting effort" of the engine output shaft, expressed in pounds-feet.  The final torque to the
driven pump is increased or decreased by the right angle reduction gears of speed increasers, but the horsepower
remains the same.  Torque becomes important in engine installations when evaluating the integrity of
transmission equipment such as shafts and flexible couplings.   Torque in pounds-feet is given by multiplying the
factor 5252 by the bhp and dividing by the rpm.  In pumping applications, torque is not usually a controlling factor.

For larger engines, the manufacturers' standards limit maximum speed to 1,200 rpm since speeds in excess of
this might be harmful, because in general, at higher rpm the rotating parts of the engine would be critical with
respect to balance, vibrational analysis, alignment, and general maintenance.

The measure of loading of an engine is described as brake mean effective pressure, (BMEP) expressed in
pounds per square inch, (psi). BMEP for an engine operating at given rpm is the product of an equation including
the bhp developed, the displacement and a numerical factor. BMEP, although meaning average cylinder pressure
to give resultant torque at flywheel, is a purely artificial figure and merely a means of comparison.



The equation for calculation of BMEP for a four-cycle engine is:

Applying this formula to the Model F1905GU, fueled by natural gas and with accessories, operating at 1,200 rpm
(Figure 11-4) we find:

At intermittent rating of 265 bhp, the BMEP is 91.8 and at maximum rating of 292 bhp, the BMEP is 101.2.

78 psi maximum BMEP is a very conservative rating which usually results in a continuous loading about 75
percent of the maximum bhp available. Some agencies have adopted this very conservative criterion, but
manufacturers usually recommend higher loadings.

If the Caterpillar G379 is considered (See Figure 11-7 and Figure 11-8) when naturally aspirated with low
compression ratio, the BMEP at 1,200 rpm is 100.8. When turbo-charged and after-cooled with high compression
ratio the BMEP is 156.2. Continuous bhp ratings are 300 and 465 respectively.

Piston speed (in feet per minute) is the average velocity of a piston for a given engine at a given engine speed. It
can be used to compare implied wearing tendencies of unlike engines on the basis that higher piston speed leads
to higher piston and liner wear and resulting higher maintenance.

Unless the smaller automotive type suffices for the application, engines should be specified as heavy duty,
industrial type with overhead valves. Other features, such as exhaust valve inserts, stellite-faced valves,
renewable wet-sleeve cylinder liners, crankshaft vibration damper, full pressure lubrication and other features
common to heavy-duty engine design can be specified if not exclusive to one manufacturer.

Vibration caused by unbalanced vertical forces in engines can be troublesome. It is important that the magnitude
and frequency of any such forces be ascertained and accounted for in the design of the necessary support
structure for engines.

11-F Engine Starting and Control Systems
Most stations are unattended and engines must start automatically in response to sensing of water level, starting
at a predetermined low rpm or load. After a suitable time delay the throttle is opened to its operating speed. The
control panel should have a selector switch with Manual, Off, Automatic and Test positions. Operation of the entire
system is described in Section 18 of Appendix D - Specifications. Unlike most specifications, these engine
specifications are quite explicit as to the reason for the requirements.

11-G Engine Equipment and Auxiliaries
When radiator and fan are used for cooling the engine equipment usually includes thermostatically-controlled
automatic louvers on the radiator. There will also be a jacket water preheater and jacket water filter-conditioner,
an exhaust system and muffler, and a 24 volt starting system and control panel. Refer to Specifications for a
comprehensive listing and definition of equipment and accessories. The engine itself is equipped with an



instrument panel at the front of the engine, close to the fan and radiator. (See Figure 11-6.)

Adjacent to the engine but separate from it is the wall-mounted control panel with functions described in the
Specifications. The control panel water level lights may also be displayed below a recording tachometer for each
engine, located as convenient in the pump station. This item is specified in Section 23 of Appendix D -
Specifications.

The provisions necessary for telemetering the operational status of the station to a control center are given in
Section 24 of Appendix D - Specifications.

The clutch mechanism is integral with the engine and is visible in Figure 11-5 and Figure 11-6, at the rear of the
engine.  A cut-away detail is shown in Figure 11-13.  As in an automobile, the clutch seperates the rotating engine
from the driven components when the driven components are required to be at rest.

The clutch mechanism is manually engaged or disengaged.  Where automatic cranking cycles are required the
clutch mechanism will be set in the engaged position.  After starting automatically, the engine will idle before
coming up to speed to provide the necessary power for pump operation.  The engine is usually selected for
stormwater pumping only and is not intended to provide for any auxiliary loads.  Therefore no take-offs should be
permitted from the output shaft unless this has been specially provided for.

11-H Drive Shafts
The clutch output shaft of the natural gas engine must be connected to the right angle gear input shaft with a
connecting drive shaft. (See Figure 11-14.) The connecting drive shaft consists of two flexible joints and a center
section which includes a shaft length adjustment feature. There are two special flanges, one for the clutch power
take-off shaft at the engine, and one for the right angle gear drive input shaft.

Drive shafts for pump station service are required to have maximum reliability at all times, thus the selection
standards are necessarily conservative. The major consideration in selecting a drive shaft is the transmitted
torque. The manufacturer's published rating for continuous duty at the maximum engine speed should be at least
one and one-half times the maximum torque of the driven pump under field conditions. Transient conditions, such
as the development of shutoff head at the pump must be considered in determining the maximum torque. The
required bearing life is normally a minimum B-10 life of 16,000 hours. The torque ratings, joint angles, bearing life
and selection data are clearly set forth in the manufacturers' catalogs.

Overall flange-to-flange length of drive shafts is not readily determined by application of simple rules related to
engine speed, torque or horsepower. However' a thirty-six inch minimum length is desirable to allow for accidental
or intentional misalignments and still stay within acceptable angular limits. A moderate length of shaft is
recommended because a long shaft is subject to whirling and vibration. A vertical difference of about
one-and-a-half inches between the centerline of the engine output shaft and the centerline of the gear input shaft
would be usual for a thirty-six inch drive shaft. A necessity for the universal joints to be continuously exercised
when the drive is in motion is preferred.

The provisions necessary for telemetering the operational status of the station to a control center are given in
Section 24 of Appendix D - Specifications.

A suitable drive shaft guard must be provided, anchored to the floor. The upper portion of the guard should be
hinged on one side and provided on the other side with a padlock hasp. The grease fittings should be accessible
for lubrication service through the hinged guard. Guards must, of course, comply with OSHA (Occupational Safety
and Health Act) standards.

The actual shaft selection is very simply made by consulting manufacturer's graphs and charts, a simplified
reproduction of one of those of the H.S. Watson Co. is shown in Figure 11-15.



11-I Right Angle Gear Drives
The basic requirements for a right-angled gear drive are set forth in Appendix D - Specifications, Section 17. The
main features of a gear drive are shown in Figure 11-16.

A typical speed reduction would be for the engine to run at 1,200 rpm and the pump at 580 rpm. This
approximates a 1:2 ratio which is the nearest available selection. Exact conformity to nominal or specified speeds
of pumps and engines is seldom capable of being achieved.

The transmission of power through the gear produces a significant heating effect of the lubricating oil, and this
heat is often dissipated by circulating water through cooling coils, Domestic potable water is preferred for this
service, the supply being controlled by a solenoid-operated valve. See Chapter 12 - Electrical Systems and
Controls. Another electro-mechanical accessory is a tachometer driven by the gear drive which enables the actual
engine or pump speed to be indicated and recorded.

Figure 11-13. Clutch Power Take-Off



Figure 11-14. Typical Drive Shaft



Figure 11-15. Drive-Shaft Selection

Figure 11-16. Typical Right-Angled Gear Drive

11-J Combination Gear Drives
Sometimes it may be necessary to provide the ability to drive a vertical pump by either an engine or by an electric
motor. Combination gear drives are available for this purpose, the motor being mounted axially above the pump,
with the gearhead in between. The engine is mounted horizontally alongside the pump and drives the vertical
pump shaft through bevel gears. A manually-controlled dog-clutch can be set to couple either the motor or the
engine to the pump shaft and only the engine or the motor is operable at any time, according to the setting of the



clutch The general arrangement of a combination gear drive is shown in Figure 11-12. Also see Figure 11-11 and
Figure 10-9. It should be emphasized that the change of mode from motor to engine drive is usually effected
manually. Therefore, there is no increase in dependability unless an operator is in attendance at all times while
the station is operating, not usually the case with highway pump stations.

Assuming that the equipment is set for electric motor drive, this will function normally, responding to water-level,
unless there is a power outage which could cause local flooding. If the station siting is above a depressed area
there would be no station damage. During a prolonged outage, if personnel could reach the station the engine or
engines could be started, the clutch or clutches could be re-set and flood water could be pumped out, re-opening
the highway.

If the equipment is normally set for engine drive the electric motor is redundant, except that the motor is available
for use if the engine is under repair. This probably is the chief justification for the use of the combination drive.
Another justification is the avoidance of stand-by charges if the engine is consistently used and no power demand
is imposed by running the motor. This may be valid in existing stations where past capital costs may be ignored
and only current operating costs are a consideration. However, in new stations the combination drive is difficult to
justify on an economic basis

11-K Torsional Analysis
To avoid critical torsional vibrations at engine operating speed range, complete torsional analysis calculations
should be performed by the engine manufacturer on each engine-driven pumping unit, before the equipment is
approved for installation at the pump station. Each unit includes engine, right angle gear drive, connecting drive
shaft and pump.

All components must be evaluated as a complete unit, and for this purpose the necessary mass elastic data such
as moments of inertia and stiffness factors on all rotative parts of the gears and pumps must be furnished to the
engine manufacturer.

11-L Reliability and Economics
The natural gas engine is regarded as the most reliable means of driving stormwater pumps. It is not affected by
electrical storms and with normal maintenance will always start automatically by sensing of water level. Dual fuel
supply can be provided in the form of both piped-in natural gas and on-site storage of LPG. However, on-site
storage alone is very satisfactory.

With on-site storage and battery starting, the natural gas engine assumes the reliability of the automobile or truck,
in starting immediately as needed and performing with complete satisfaction.

Some agencies have found that elaborate facilities for maintenance are not cost effective, and they avoid
disassembly of engines at the stations. They rely on local dealers or service representatives to remove or replace
an engine in the unlikely event that this becomes necessary.

The principal drawback to the use of engines is the high initial cost compared to electric-motor drives. Versatility of
the engine to be run at different speeds, and to consequently pump greater or less quantities of water, can offset
this, however. This is done at the expense of operating engines less conservatively, but perfectly safely, in the
intermittent duty range for limited periods of time. Appendix E - Energy Economics gives examples of the relative
costs.

Automatic speed controls which increase engine speed as the water level rises are available. They are more
suitable to smaller engines because these have a wider range of speeds.

An example using the Waukesha 1197 engine shows the various values of Q. TDH, HP, and BMEP when
operating the engine at 1,000, 1,200 or 1,400 rpm. These are compared with continuous (C) and intermittent (I)



ratings.
RPM Q TDH BMEP HP C I
1,000

1,200

1,400

24.0

50.0

62.7

18.2

14.0

16.0

52

66

81

80

118

188

133

157

178

--

--

196

The example is taken from an actual station design. The variations in the total dynamic head are in part due to the
water level in the sump, but mainly due to friction in the discharge line as quantities and velocities become higher.
System-head curves are needed to illustrate the matter fully. As an exercise, the reader may select hypothetical
conditions and work out for himself examples of varying discharges due to change in engine speeds.

Many cost-effective pumping stations have been built utilizing the flexibility of speed modulation of gas engines.
With the reliable control systems which are available and by reasonably minimizing maintenance expenses, the
gas engine has an important place in stormwater pumping.

Go to Chapter 12
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12-A General
This chapter provides basic information for electrical power and lighting systems for pump stations, including essential features for pump controls and engine starting.
Because electrical terminology, symbols and drawings may not be readily understood, some specialized assistance may be needed. Numerous illustrations are included
which the designer and the electrical specialist can adapt to their circumstances. Refer also to Appendix D - Specifications.

12-B Utility Service
Most pump stations will receive electrical service from a public utility company. The quality of service depends on how well the utility system holds a constant predetermined
voltage and how free it is from interruptions. It is not reasonable to assume that perfect service can be provided by a utility company from one source. Therefore an alternate
source of power is desirable. Figure 12-1 shows ways to provide pump stations with two separate services.

The serving utility company must always be contacted when a new service is required or a change in existing loads is contemplated. The utility company will specify their
space and equipment requirements, motor starting limitations, voltage regulation, short-circuit current available, and their installation and service charges. Load data for initial
and future requirements should be estimated as accurately as possible, considering demand and connected load, average usage and seasonal variation.

Utility companies have different rate schedules for different conditions. To arrive at the most economical condition, a comparison of these rates should be made. Among the
factors used to establish rates are load demand, energy consumption, power factor, voltages available, primary service cost, transformer or substation ownership, fuel cost,
demand interval, special demand provisions, fluctuating loads, minimum-bill stipulations, unbalanced phase charge, multiple-metering provisions, and stand-by service
charge. See Appendix E - Energy Economics.

Demand charges cover all generally predictable costs such as depreciation, interest and insurance. They reflect the investment required by the utility company to serve the
customer's maximum power usage.  The demand is usually determined by an integrating demand meter set for either 15 or 30 minute demand intervals. Energy charges
include such items as cost of fuel, operating labor, and maintenance.  Fuel cost affects rates more than anything else.



Figure 12-1. Dual Power Supply with Interlocking Circuit Breakers

12-C Supply Voltages and Transformers
The utility company will normally provide service from its nearest or most conveniently located overhead power line. Possibly some additional poles leading to the pump
station will be needed, in which case the utility company will install them, at the user's expense. For a small pump station, the last pole will usually carry the transformers
necessary to reduce the voltage from the level of the power line to the maximum voltage to be provided for the pump station. See Figure 12-3. The voltage of the
transmission or power line may be 4,160 volts, 13,800 volts or even 15,000 volts or more (high voltage). The transformers will usually reduce these line voltages to 480 v.,
three phase, which is the low voltage service appropriate for the usual size of pump motors. Where larger motors of 500 hp or more are needed, the supply voltage may be



higher. Refer to Chapter 10 - Electric Motors for Stormwater Pumps.

Nominal system voltages for the low voltage class are 208Y/120, 240, 480 and 480Y/277. The first and last mentioned systems are wye-connected with a fourth or neutral
wire. The second and third are delta connected with three wires. See Figure 12-2 for illustration and an explanation of the advantage of the 4-wire system. From an economic
standpoint there is seldom sufficient reason for selecting 208Y/120 or 240 volts instead of 480 volts. Usually the lower voltage systems would cost more because there would
be more current per kilovoltampere to be carried, thus the circuit breakers, motor starters and conductor sizes would have to be increased. For the usual conditions
480Y/277, three phase, 4-wire, service is preferred. 480 v., three phase, 3-wire, is often provided. In addition to the 480Y/277 v. (or 480 v.) three-phase service for the
pumps, 120-volt single-phase power will also be required for lighting and may possibly be used for very small motors where these are required to drive accessory equipment.
This lower voltage is usually obtained by installing a smaller transformer in the pump station switchgear. This will step down from the 277 v. between phases of 480Y/277
three-phase, four-wire, service or from the 480 v. between phases of three-wire service. Most pumping stations will have 480 volt three-phase service only, but sometimes
there is justification for providing 120 volt single-phase service also.

Instead of the transformers being pole-mounted overhead as in Figure 12-3, it may be necessary that they be pad-mounted at grade. This applies to large transformers for
large loads and motors of higher (medium) voltage. Service should go underground from the pad to the station. Dual overhead service with pad-mounted transformers is
illustrated in Figure 12-4.

From the transformer pole the service may go overhead directly to the pump station, but underground service is preferred both for safety and aesthetics. Underground
service to a caisson-type wet-pit station is shown in Figure 12-5. The utility will generally have rules applicable to provision of conduit and cable underground from the service
pole.

There may be cases, especially in urban areas, where the utility company will be providing service from high-voltage underground cables. In such cases, the transformers
would probably be underground also, in a vault ventilated so as to dissipate heat. Transformers are almost always owned and maintained by the utility company, this cost
being included in their rates. Transformer ownership by the customer would qualify for a discount when power is purchased at the line voltage available, such as 4,160 or
13,800 volts, but this is not usually a practical consideration.

12-D Stand-By Power
Stand-by power should be provided for stormwater pumping stations. If the utility cannot provide two separate sources, the choice is to use engine-driven pumps or a
stand-by generator. See Figure 12-1. Two utility services, when available, generally cost less than an engine-driven generator of equivalent capacity.

Sensing an outage and transferring the load from one utility source to another can be accomplished automatically in less than a second. Transferring to an engine-driven
generator takes longer, because of the time to start and bring the engine up to operating speed. If a portable engine-driven generator is used, then considerable time may be
required to transport or haul the generator to the pump station and manually transfer the incoming power switching to the generator supply. A male receptacle is generally
used to make connection to the generator portable cable and female connector. A receptacle and manual transfer switch is shown in Figure 12-6.



Figure 12-2. Three-Phase Three-and-Four Wire Systems



Figure 12-3. Single Overhead Service with Pole-Mounted Transformers Providing 480 v. Three-Phase Four-Wire Supply

Figure 12-4. Dual Overhead Service with Pad-Mounted Transformers



Figure 12-5. Underground Service to Externally-Mounted Meter with Shunt-Trip to Main Circuit Breaker

Figure 12-6. Panel Board with Gutter, Circuit Breakers and Motor Starters, and with Receptacle and Manual Transfer Switch for Stand-By Generator

The use of two utility services is only feasible when the local utility company can provide separate service connections over separate lines and from separate supply points
that are not apt to have joint outages from system disturbances, storms or other hazards. Additional reliability may be obtained where the incoming services are available



from different utility companies. When two sources are connected, an automatic transfer switch is usually located in the main distribution equipment. Special consideration
should be given to the ability of the switch to close against high inrush currents, carry full rated current continuously from normal and secondary source, withstand fault
currents without contact separation and have adequate interrupting capacity.

To avoid transferring large motors during the energized condition, the transfer switch should be provided with an accessory control that disconnects motors prior to transfer
and reconnects them after transfer when the residual voltage has been substantially reduced. A time delay of 2 to 10 minutes should be provided to prevent transfer back to
normal source when normal service is recovered after an outage.

12-E System Protection
Electrical energy will normally be delivered to the station equipment safely and reliably by the utility company, but protection of the station system must provide for service
irregularities or failures. This protection will minimize damage and limit the extent and duration of interruptions. The protection must isolate any affected portion of station
system while maintaining normal service for the rest of the system. It must minimize the danger of short-circuit currents and may provide alternate circuits to minimize the
duration and extent of outages.

System protection is the most important feature of the electrical distribution system. It must be kept simple and compatible with safety, reliability and economic
considerations. Protection for the electrical system must prevent injury to personnel, prevent or minimize damage to equipment, and minimize interruption of power and the
effect of the disturbance on the uninterrupted portion of the system, both in extent and duration. Important elements of system protection requiring consideration are the type
of system grounding, short-circuit fault capacity, and exposure to lightning and switching surges.

The isolation of short circuits requires the application of protective equipment which will sense an abnormal current flow and remove the affected portion from the system.

The fuse is the simplest of all protective devices, performing both sensing and interrupting functions. Fuses are installed in series with the circuit and operate by the melting
of a fusible link in response to the current flow through them on an inverse time-current basis. Each fuse can perform once only, since its fusible elements are destroyed in
the process of interrupting the current flow. Fuses may have only the ability to interrupt short-circuit current up to their maximum rating or may also have the ability to limit the
magnitude of short-circuit current by interrupting the current flow before it reaches its maximum value.

Circuit breakers are interrupting devices and must be used in conjunction with sensing devices to fulfill the detection function. Most low-voltage applications use either
molded-case circuit breakers or other low-voltage circuit breakers having series sensing devices built into the equipment. After tripping, circuit breakers can be re-set.

The term "air circuit breaker" is often used in speaking of low-voltage power circuit breakers. Since the arc interruption takes place in air in both molded-case circuit breakers
and low-voltage power circuit breakers, this term really applies to both types.

The ratings which apply to circuit breakers and the actual assigned numerical values reflect the mechanical, electrical, and thermal capabilities of their major components.
Basic ratings are voltage, frequency, continuous current, interrupting current and short-time current (low-voltage power circuit breakers only).

When protection is being considered, the performance of a circuit breaker with respect to the connected conductors and load is of primary concern. The objective in
coordinating protective devices is to make them selective in their operating with respect to each other. Normally coordination is demonstrated by plotting the time-current
curves of the protective devices and making sure that no overlapping occurs between the curves of adjacent circuit breakers.

Motor protection involves consideration of motor characteristics, starting conditions, ambient conditions and driven equipment. Protection should be chosen to meet the
requirements of each specific motor and its use. The following items should be considered:

Motor Characteristics. These include type, speed, voltage, horsepower rating, service factor, power factor rating, type of motor enclosure, lubrication arrangement,
arrangement of windings and their temperature limits, thermal capabilities of rotor and stator during starting, running, and locked rotor conditions.

.  

Motor Starting Conditions. Included are full voltage or reduced voltage, voltage drop and degree of inrush during starting, repetitive starts, frequency, and total number
of starts.

b.  

Ambient conditions. Temperature maximums and minimums, elevation above sea level, adjacent heat sources, ventilation arrangement, exposure to water and
chemicals, exposure to rodent, and various weather and flood conditions.

c.  

Driven Equipment. Characteristics will influence chances of locked rotor, failure to reach normal speed, excessive heating during acceleration, overloading, and stalling.d.  

Motors must be protected against undervoltage, phase unbalance and overcurrent and automatic switch reclosing. Requirements include:



Undervoltage. The usual reason for using undervoltage protection is to avoid excessive inrush to the total motor load on the power system following a voltage dip or
when voltage returns after an interruption. Undervoltage protection will be either instantaneous or time delay type. Time delay undervoltage protection should be
provided where continuity of service is important and to avoid unnecessary tripping on voltage dips. One problem with time delay undervoltage protection when used
with magnetic held motor starters is that on fault currents of low magnitude, the starter contacts will open on the voltage dip and reclose into the fault current. To
resolve this problem, it is best to have undervoltage protection that reinitiates the start circuit after a voltage dip condition. Another solution is to use capacitor-held main
contractor to prevent instantaneous dropout.

e.  

Phase Unbalance. The purpose is to prevent motor overheating damage. Motor overheating occurs when the phase voltages are unbalanced. To prevent single
phasing, overcurrent protection should be provided in all three phase conductors to the motor. Phase unbalance protection should be provided in all applications where
single phasing is a strong possibility due to the presence of fuses and overhead distribution lines subject to conductor breakage.

f.  

Instantaneous Phase Overcurrent. The purpose is to detect phase-short circuit conditions with no intentional delay. Fast clearing of these faults limits damage at the
fault, the duration of the voltage dip accompanying the fault, and the possibility of the fault spreading to fire or explosion damage. For small squirrel cage induction
motors, it is common to set the instantaneous pickup at 10 to 11 times the full load current. For large squirrel cage motors above 200 horsepower, it is recommended
that the maximum symmetrical starting inrush be determined by the motor manufacturer and the instantaneous pickup be set at 75 percent above this value.

g.  

Time-Delay Phase Overcurrent. The purpose is to detect failure to accelerate to rated speed in normal starting interval, motor stalled condition, or low-magnitude phase
fault condition.

h.  

For small motors, this overload protection scheme is relied upon to provide protection for all three of the above conditions.
Automatic Reclosing or Automatic Transfer. When the supply voltage is switched off, motors initially continue to rotate and retain an internal voltage. This voltage
decays with motor speed and internal flux. If system voltage is restored out of phase with a significant motor internal voltage, high inrush current can occur and damage
the motor winding or produce torques damaging to the shaft, or drive coupling.

i.  

Protection is also required for conductors and switchboards and against voltage surges due to lightning.
Conductor Protection. Conductor protection is based on cable ratings matched to the environment and operating conditions. Cable manufacturers specify the normal
loading temperature for their products which results in 20 to 30 years normal life. High temperature is probably the most frequent cause of decreased cable life and
failure, due to insulation breakdown. Protection is also required against unexpected overload and short-circuit current to safeguard personnel and equipment and to
insure continuous service. Protection against overcurrent is generally achieved by means of a device sensitive to current and the length of time during which it flows.
Short-circuit protective devices are sensitive to much greater currents and shorter times.

j.  

Switchboard Protection. Switchboards vary in configuration from a simple gutter arrangement with circuit breakers and motor starters attached, to a more complex
modular arrangement. See Figure 12-6, Figure 12-8,  Figure 12-22, and Figure 12-25 to Figure 12-27. Switchboard protection isolates faults in the power circuits.
Circuit breakers and fuses are employed to disconnect the affected parts of the power system. The introduction of solid-state circuitry to perform the sensing and timing
functions has provided significant improvements in the quality for low-voltage circuits and apparatus.

11.  

Overcurrent relays and trip devices must have time delay and high-current settings to prevent opening the source circuit breakers upon the occurrence of a feeder
fault.
Voltage Surge Protection. A circuit or system is considered exposed to voltage surges due to lightning, if it is connected to any kind of open-line or overhead lines.
Voltage surge protection is then required to protect the main switchboard and motors

l.  

The protection is provided by lightning arresters connected, without fuses or disconnecting devices, at the incoming terminals.

As an external safety feature a shunt trip on the main circuit breaker will permit tripping the breaker from an emergency pushbutton outside the pump station in
case of a fire in the station or other conditions when it is unsafe to enter. A vandal-proof lock box for the trip button is desirable. See Figure 12-5.

12-F Metering
Metering primarily provides readouts to determine power usages. Meters are also used for testing and to indicate conditions which have occurred at the station.

Kilowatt-hour meters are furnished by the utility company and their location should be exterior, accessible to the utility personnel. See Figure 12-5. Sometimes KWH
meters are installed in the switchboard as shown in Figure 12-22. Demand meters are usually installed on systems.

m.  



Ammeters with maximum demand needle located on the main switchboard will give a quick indication of any prolonged overload condition. The thermal type with slow
response on the maximum needle will not be affected by the high in-rush motor starting currents. Individual ammeters for large motors are useful in monitoring overload
conditions due to mechanical problems or phase unbalance due to motor insulation or motor branch circuit problems. See Figure 12-23.

n.  

Voltmeters with minimum and maximum needle indication located on the main switchboard will give a quick indication of any voltage fluctuations since the last time the
meters were reset. The low needle indicator should be the type that holds at the last voltage value before a power outage.

o.  

Elapsed time meters applied to motors that are automatically controlled will totalize the total running time for that motor to permit proper division of wear where motors
operate in a lead-lag sequence and the sequence is manually selected.

p.  

Printers that monitor the alarm conditions and print out the time of day, sequence of alarm, and nature of the alarm are valuable at remote unattended facilities.q.  

12-G Area Classification
It is not possible to determine all flammable liquids that may enter a highway stormwater pumping facility, but a hazardous area subject to explosion may easily be created.

All unventilated sumps are classified as Class 1, Division 1. This would apply to all wet-well areas. Adjacent dry areas within 20 feet of any door or hatch to a Division 1 area
would be considered a Division 2 area. All electrical equipment must be compatible with the classification of the area in which it is to be installed.

Positive ventilation is required in all areas which personnel must enter and such ventilation equipment must meet the area classification.

Gas detection equipment is recommended to detect explosive limits of gas vapors in the area where general purpose electrical equipment is installed.

Figure 12-7. Single-Line Diagram - Dry-Pit Station



12-H Materials and Codes
All electrical installations are governed by and must be in accordance with the National Electrical Code, and other local codes which may be more stringent.

The codes cover permissible materials and combinations of same, such as how many wires of what size are required for given currents, and in what size of conduit they shall
be placed for protection. The standard of workmanship required for installation is also governed by Code.

For representative descriptions of requirements, refer to Appendix D - Specifications.

12-J System Design
Following consideration and understanding of the preceding basic principles, the actual design of the electrical system for a pumping station begins with the single-line
diagram. This diagram shows the source of power on one side and proceeds across a bus or bus-bar showing all the various motors, lighting panels and accessories which
are attached to the bus and make up the connected load. Meters, circuit breakers, motor starters and all other devices are shown by appropriate symbols which can be
identified by reference to notes, legends or schedules.

The single-line is a simplified diagram which does not show many details of the complex circuitry required to start and stop pump motors or other equipment automatically
according to waterlevel, time, or other conditions.

The pump motors generally represent the largest and most significant components of the connected load. Lighting or other functions are only a small percentage. Where
engines are utilized for the main pumps, the connected load will be far less than if motors were utilized for the whole pumping operation.

Because the requirements for a small system are less than those for a large one, the dry-pit station will be studied first. Figure 12-7 shows the single-line diagram for a typical
dry-pit station. The components are set out in logical fashion and can be easily identified by reference to the legend. The bubbler control will be referred to later.

Figure 12-8 is a photograph of a dry-pit switchgear installation It is an assembly of components on a plywood backboard, not a factory-assembled switchgear panel. In this
respect, it differs slightly from Figure 12-10. The gutter containing the bus carries the numbers "480" denoting the voltage, to caution operators. Also, the generator transfer
switch is stencilled "Emer. Power". A rubber floor covering is provided as insulation against dangerous electric shock. Figure 12-6 shows a similar installation.

Figure 12-9 shows the sump pump motor starter and the disconnect switches for the main pump motors. Electrical codes require that a local disconnect be provided adjacent
to the motor when the motor is not in direct view from the starter, so that there is no accident hazard during maintenance.

Schematics showing the components and functions are developed from the single-line diagram. Panel and equipment schedules follow, and layouts should then be prepared
showing conduit runs and wire sizes. Detailed wiring diagrams are required for installation of the work. Written specifications are also needed to set forth the quality of
materials and the standard of workmanship required. Sometimes conduit and wire sizing and the preparations of detailed wiring diagrams is delegated to the electrical
contractor, to be subject to the approval of the design engineer.

Figure 12-11 shows the electrical schematics diagram for a dry-pit station. Note that no conduit or wire sizes are shown in this figure, nor in Figure 12-10. Unless this
information were conveyed in other contract drawings, it could be made a contractor requirement to comply with applicable codes, to ensure that proper conduit and wire
sizes were provided and installed.

Figure 12-12 and Figure 12-13 are single-line diagrams covering various conditions of voltage, motors and engines for wet-pit stations. The single-line often indicates circuit
breaker amperage related to motor horsepower. There is no single-line in Figure 12-12 or Figure 12-13 to relate exactly to Figure 12-14 and Figure 12-15 but, but both power
plan and lighting plan are quite-specific in requirements for conduit and wire sizes. However, the conduit routing is schematic, as is usual with electrical drawings.

Actual construction requires some further layout and consideration of the location of stub-ups so that these occur where they do not create personnel tripping hazards and
will be acceptable to OSHA. Where conduit is intended to be embedded in concrete, it is shown differently from where it is to be surface mounted. Proper coordination of
electrical work with the structure is always difficult and seldom achieved perfectly in accord with the intent of the pump station designer.

Figure 12-16 is supplemental to preceding Figure 12-14 and Figure 12-15, but is typical of the way in which electrical details are conveyed. The symbol list is
self-explanatory, but could be expanded to cover many other items if desired.



Figure 12-8. Circuit Breakers, Motor Starters and Gutter on Panel Board for Dry-Pit Station

Figure 12-9. Sump Pump with Starter and Disconnect Switches for Main Pumps



Figure 12-10. Dry-Pit Station - Electrical Details



Figure 12-11. Dry-Pit Station - Schematic Diagram



Figure 12-12. Single-Line, 2300 Volt Motors and Single-Line, 480 Volt Motors



Figure 12-13. Single-Line Combination Motor-Engine Driven Pumps, Single-Line Diagram for Engine Driven Pumps, and Typical Symbols



Figure 12-14. Power Plan



Figure 12-15. Lighting and Receptacle Plan



Figure 12-16. Legend Examples (a) Symbol List, (b) Panel Schedule





Figure 12-17. Engine Starting, (a) Battery Plan, (b) Engine Plan, (c) 24 Volt System Using 2-12 Volt Batteries

Figure 12-18. Engine Control-Circuit Wiring Diagram



Figure 12-19. Equipment Schedule

Figure 12-20. Sump Pump with Solenoid Agitator Unit



Figure 12-21. Electric Pump Unit with Timer Unit

Panel A, sometimes described as a lighting panel, shows items with 120 volt service and how the load is spread between phases. In this case, the load is easily carried by
two phases and the third is not used. Circuits 9 and 11 are tied together to provide 208 volts for operating the roll-up door motor.

The use of engines with 24 volt battery starting and a 120 volt control system is a complication which needs to be carefully related to the basic 480 volt supply for pump
motors. Figure 12-17 gives the basics of these requirements with further details shown in the wiring diagram, Figure 12-18. Explanatory notes relating to Figure 12-18 are
shown on Figure 12-19 which applies also to the wiring diagrams for the sump pump Figure 12-20, and to the 150 HP pump, Figure 12-21. Each of the three engines at this
particular station are required to start automatically in response to water level sensed by pressure switches on 120 volt circuits. Working through the engine control panels,
the 24 volt batteries start the engines, each driving its pump. Meanwhile the electrically-driven pump with 480 volt motor continues to operate. See Chapter 15 - Station
Layouts and Design Calculations.

Figure 12-22 shows a typical main switchboard as available from a major manufacturer. It is essentially constructed on a modular basis with both single-phase and
three-phase pull-sections for underground service. Various components are set in the frame as required and empty spaces are described as fillers. Singlephase and
three-phase meters are integral with the switchboard. Sometimes switchboards are referred to as panels or more appropriately as motor control centers. The motor control
center with cabinet may be less costly than the panelboard because of its shop-fabrication compared with the field installation required for a panelboard. The physical size of
enclosures for motor starters and some idea of the internal components will be observed from Figure 12-19 and Figure 12-20. A minimum of three feet clearance must be
allowed in front of all MCC's. Some also require rear access. Occasionally, local panel manufacturers can provide an acceptable assembly of components within lesser
space requirements. This will be understood by reference back to Figure 12-10. Sufficient air space must always be allowed for heat dissipation.

A very important consideration in regard to the main switchgear is that it should be located directly in the path between the incoming power supply and the center of the
electrical load. There is seldom reason to carry expensive conductors more than the minimum distance. Figure 12-14 shows how it was possible to go underground from pole
to switchgear, then to the pump motor with minimum additional length of conduit and large conductors. Again, there are very stringent and specific restrictions on the number
and radius of elbows in any conduit run, especially for large conductors. This has to be reviewed and properly established with the utility company at an early stage of design.

Figure 12-23 shows the actual construction of the switchgear shown on Figure 12-14 and Figure 12-15. The 120 v. single-phase service and meter section were separated
from the main panel. Adjacent to the 120 v. service is the telemetering cabinet and gas detection equipment, mounted above the pressure-switches for pump start and stop.
Figure 12-24 shows a tachometer generator mounted behind the right-angle gear drive. The cover has been removed to show internals.

Lighting is usually a minor consideration in pump stations and formal calculations relating to foot-candles of intensity are not essential. Fluorescent fixtures are to be preferred
rather than incandescent. Some exterior lighting may be needed. General details may be observed from the various figures.



12-K Pump On-Off Controls
In stormwater pumping, it is usually the intent to pump out all inflows from the sump or storage box as rapidly as possible. Therefore, the control consists of starting pumps
successively in response to rising water level and maintaining a pumping capacity on line greater than inflow. Various types of control switch may be used including the float
switch, electrode probes, ultrasonic devices, tilting bulb with mercury switch, bubbler tube and entrapped air pressure switch. For a wet pit station, the pressure switch is
recommended. This acts on the principle of rising water compressing the air in a pipe below the pressure switch so that at a given height of water and corresponding air
pressure the switch is activated and the pump starts. When water drops to a given level the switch closes and the pump stops. Pump control must have enough deadband in
the level switches to prevent motor re-start after the pump has stopped and water in the vertical discharge or suction pipe has drained back into the wet-well. The control
circuitry for the pressure switch is shown in Figure 12-18, Figure 12-20 and Figure 12-21. Details are given for a main pump, a submersible pump with agitator spray ring and
time-delayed start and for an engine. The corresponding schedule and notes are shown in Figure 12-19. Manufacturers' literature will show circuitry for the various other
on-off controls mentioned. Some have a lead-lag feature between two or more pumps so that the first pump on, the lead pump, is alternated between all pumps to equalize
wear. However, this is not an important factor in stormwater pumping. Changes in pressure switch settings to accomplish this can be done during routine maintenance.

The bubbler system has been used effectively in many stations, and is standard with the dry pit type. See Figure 12-7, Figure 12-10 and Figure 12-11. Access to the liquid
interface is usually difficult unless the wet-well and the dry-pit have a common wall. Where the wet wall and dry pit do not have a common wall, then a bubble tube presents
the best alternative. The bubble-tube is continuous 3/8" O.D. polyethyline tubing inside a galvanized on-inch conduit installed between the two structures and entering the wet
well from the top and terminating in the dry pit at an elevation above the highest possible water elevation. A packaged dual air compressor system with pressure switches
and level gauges is provided. The air compressors should have automatic alternators to provide alternation of air compressors each time the compressor discharges into the
air receiver.  The receiver should be large enough to permit bubbler system to operate for at least four hours without starting an air compressor. A rotometer provides bubble
control and visual indication of air supply. By-pass valve permits periodic purging of the bubble tube to prevent clogging by trash in the wet-well. Figure 12-26 shows three
non-adjustable pressure switches installed. They operate on a fixed pressure setting made at the factory. The plastic pipe is installed adjacent to the switches to test them by
filling the column with water.

Tilting bulbs with mercury switches are illustrated in Figure 6-10. Each bulb is suspended by a conducting cable to the level at which the switch is to operate. Its buoyancy in
water tilts the bulb and the switch makes contact. In a large wet-pit, an enclosing pipe or stilling-well subject to water level might be needed to prevent horizontal water
movement from interfering with proper operation.

Electrode controls have no moving parts in the stormwater. The electrodes are suspended vertically from a fitting at the top of a non-conductive stilling-well with their lower
ends positioned at the level elevations at which the control is to be actuated. From the fitting, conductors run to a controller to start and stop pumps.

12-L Summary
The information given in this chapter is general only. Any detailed electrical design, equipment selection, conduit runs, wire sizing, controls, and the like should be performed by a person
experienced in the subject, possibly another assisting the pump station designer. There is an important electrical inter-relationship between pumps, engines, controls, instrumentation, alarms,
and telemetering so that other chapters and Appendix D - Specification should be studied as part of the electrical design.

Electrical safety must always be properly considered, with proper grounding and the avoidance of mixed-voltage hazards caused by running power, lighting, battery starting, and control
wiring in the same conduits. At least the minimum clear areas must always be provided in front of switchgear, and also at the rear where rear access equipment is utilized.

 



Figure 12-22. Man Switchboard Layout: Typical Layout for Switchboard Serving One Electric Sump Pump, 2 Main Electric Pumps and 2 Engines

Figure 12-23. Switchgear Installation for I-150 hp Pump and Sump Pump, with Other Accessory Features Shown



Figure 12-24. Tachometer Generator (Cover Removed)

Figure 12-25. Medium-voltage (2,400 v.) Motor Starters, Detroit, MI



Figure 12-26. Motor Control Center for 3-20 hp, 480 Motors, Detroit, MI
(See Figure 2-9 for view of interior of station)

Figure 12-27. Main Switchboard for Two Combination Motor-Engine Driven Pumps (Battery Chargers Mounted on End of Switchboard)



Figure 12-28. Level Switches for Dry-Pit Station

Go to Chapter 13



Chapter 13 : FHWA-IP-82-17
Emergency Generators
Volume I

Go to Chapter 14

13-A General
An emergency generator can provide an alternate source of electrical power at a pump station
in the event of loss of normal utility-furnished power. Because all pump stations use alternating
current only such generators are considered.

The operating voltage is likely to be limited to a small selection. Utility supply at 2,400 volts or
above is limited to larger motors and stations. Although generators of 4,160 Y/2,400 volt can be
obtained, these are very large specialized units and are not discussed in this Manual. In the
range to which the Manual applies, the choice of generator voltages is either 480 Y/277 or 208
Y/120. In all conventional installations, the utility service to a pump station will be 480 volts for
motors which it is practical to run by an emergency generator. Some stations have both 480
and 120 volt services, the latter being for lighting, but it is impractical to consider generating two
voltages, so the lower voltage should not be provided. A small transformer can be used
instead. Again, three-phase current is invariably supplied by the utility if the voltage is 480, so
only generators having 480 Y/277 volts, 3 phase, 4 wire, wye 60 Hertz out-put need to be
considered.

There are numerous manufacturers of generator sets, which are available in a broad range of
sizes. The size or capacity is usually expressed in KW, (Kilowatts, meaning one thousand watts
of power). To convert engine horse-power to KW multiply by .746. The generator engine may
be powered by natural gas, which is a convenience where a piped supply is available for a
stationary installation. However a greater range of selection will apply if the engine is
diesel-fueled. Propane can also be used and propane or diesel as a fuel becomes essential if
the emergency generator is to be trailer-mounted or transportable in some other fashion. Due
to size and power requirements, gasoline powered generators are not likely to be applicable
and are not considered.

Emergency generators may be conventional stationary installations permanently connected to
the station switchgear and capable of carrying the entire load of a wet-pit pump station.
Alternately, they may be of transportable type, compatible with being sized only for the lesser
load of typical dry-pit stations as illustrated herein. The latter type may be intended to serve a
number of stations within reasonable distance of its storage point. Certain precautions in
making connections must be observed in order to safely transfer from the utility power source.

Beginning with the next section the selection of a suitable generator will be discussed with
particular reference to adequate but not excessive size. Following there will be a description of



motor starting characteristics and an example of the procedures necessary to ensure that
proper capability is provided for the large starting loads of any motors involved. These loads
are larger than the running loads.

13-B Principles of Generator-Set Selection
A generator-set is rated in kva (kilovolt-amperes) or KW (kilowatts) and its engine must have
enough power to serve the peak load and must have an adequate power margin (HP-KW) to
recover frequency after an abrupt load application such as starting a motor. The power rating
used should be the rating established by the engine manufacturer to afford adequate engine life
in the type of service to which it is being applied.

If the electrical load on the generator consists of lighting, or a number of small motors, there is
little difficulty in determining requirements. However, there is a great difference between the
current required to start a motor and the current required by the motor under full load. This
becomes the controlling factor in selection of a generator as motor sizes increase. A numerical
example of this is given later in this chapter, where four motors of two different sizes are to be
started and run.

It is essential that the generator be capable of providing the necessary momentary large kva to
start motors without excessive voltage dip. The skva (starting kva) of a motor can be
determined from the motor code and the corresponding tabulated numerical values. See Figure
13-1. The demand can also be computed from the locked rotor current rating. When more than
one motor is to be started and run, the largest motor should be started first and the others in
descending order. It is not practical to provide sufficient generator capacity to start more than
one motor simultaneously without overload. Provisions must be made to avoid simultaneous
starts. if reduced voltage starting is incorporated in the main switchgear, its effect will be to
reduce the size of generator because of the less skva required.

In Chapter 11 - Engines and Accessories, reference was made to maximum, intermittent and
continuous ratings of horsepower output. In considering engines for generator sets, the method
of describing the ratings may be changed to standby, prime and continuous. Unfortunately
there is no uniformity in meaning given to these ratings by different manufacturers.

It is important to recognize that the emergency generator as used at a pump station will be
performing emergency service as its name implies. The total electrical load of the pump station,
if ever applied to the generator-set will be of short duration only. Therefore, selection and sizing
of the generator should be based on its prime rating, using the meaning that prime is some
intermediate figure between stand-by (intermittent) and continuous ratings. This will avoid
oversizing the selection.

Excursions above the prime rating may occur during the voltage dip which accompanies motor
starting. The stand-by (intermittent) rating must be sufficient to provide that margin.



13-C Motor Starting Characteristics
It will be assumed that the pump motors are started across-the-line since this is a more difficult
condition to be imposed upon the generator than reduced inrush starting. See Chapter 10 -
Electric Motors for Stormwater Pumps, and factors in Figure 13-1.

The NEMA code letter of each motor must be determined, then the locked rotor or motor
starting kva is calculated by multiplying the kva per horsepower by the horsepower of the
motor, using the motor starting kva table on Figure 13-1. Code F is often applicable and an
average value of 5.3 may be used. Value of skva for a 200 hp motor code is 1060 kva. The
applicable formula is ska=locked rotor current x volts x 1.732/1000. For any motor, the locked
rotor kva draw is the same regardless of the phase, speed, and voltage rating on the motor
nameplate, provided that the motor is connected to rated (nameplate) voltage.

From a stationary condition the motor has to be accelerated to its operating rpm. The kva draw
during motor acceleration is taken to be the same as the locked rotor kva determined from the
tables, because the kva draw at locked rotor condition persists until the motor has reached
approximately 2/3 of rated speed. For this reason, in the following calculations, the kva draw
during motor acceleration is taken to be the same as the locked rotor kva determined from the
tables. During the accelerating period (up to 2/3 speed) the kva draw of the motor is much
higher than the running kva draw. The kw draw during this period is also greater than the
running kw draw and is approximately half the accelerating kva draw. The accelerating kw draw
reaches a maximum value at about 2/3 of rated motor speed. The shaft load on the motor
affects the time required to accelerate to running speed, but does not affect the kva nor kw
demand during the accelerating period. As the motor accelerates from 2/3 speed to rated
speed, the kva draw diminishes to the running kva which is determined by service load on the
motor. From 2/3 speed to running speed, the kw demand diminishes to about 74 percent of the
running kva for small motors and 90 percent of the running kva for large motors. When a motor
is connected to an emergency generator which is not rated at the same voltage as the motor
(for example 440 volt motor on a 480 volt generator), a correction must be made in the locked
rotor kva.

Allowable voltage dip for starting a loaded motor is 20 percent. This means that as the pump
motor starts, accelerates and picks up load from the pump itself coming up to functioning
condition, the generator must be able to provide the kva associated with the 20 percent voltage
dip.



Figure 13-1. Emergency Generator Selection



13-D Computations for Generator-Set Selection
Assuming that the voltage of 480v and three-phase current are already established, the only
basic data required to select a generator is total load served, largest motor driven with others in
descending sizes, and motor code, from which is determined the kva and kw loads under
locked rotor, accelerating and running conditions.

The total load to be served is easily computed from the singleline diagram for the station
showing all connected loads, motor horsepowers, and lighting and other single-phase loads.
The horsepower of the largest motor is special significance, because of the starting current
required. Other motor sizes are to be listed in descending sequence, so that the starting current
for each when added to the running currents of the larger motor or motors, produces the least
total current requirement.

NEMA has standardized the running kva and kw of three-phase squirrel cage induction motors
up to 200 hp and these values are tabulated in Figure 13-1. Also in Figure 13-1 is shown a
Preload Multiplier for motors on the line. The total running kva of all these motors must be
increased by the multiplier and added to the starting kva of the motor being started. The reason
for this is that the running kva of the motors already on line will be increased somewhat due to
the voltage dip when starting another motor, and this must be allowed for. Tentatively selecting
a certain generator set, the sum of the running and starting kva thus produced is then
compared with the kva for various percentages of dip. If less than the tabulated value for 20%
dip the tentative selection is satisfactory. If the sum of the running and starting kva is more than
the value for 20% another selection must be made.

The following computations are for the selection of a generator set to suit a station that has 480
volt, 3 phase, 60 hertz service, two main pumps with 200 hp motors and two smaller pumps
with 100 hp motors. In addition, there is a 10 hp sump pump and a bridge crane which require
approximately 15 kw of three-phase service.

All motors are NEMA Code F. There is approximately 15 kw of single-phase load consisting of
lighting and miscellaneous equipment.

The kilowatt ratings of the motors are quickly calculated initially for a tentative selection of
generator size. The values used are taken from the table at running kva and kw values for
three-phase induction type motors in Figure 13-1.

2-200 hp motors @ 164 kw each =

2-100 hp motors @ 82.5 kw each =

Sump pump and bridge crane

Lighting and other single phase loads

Total connected load  

328 kw

165 kw

15 kw

15 kw

523 kw



Allowing for starting kva considerations, Figure 13-1 shows that a Caterpillar D348 TA
generator set might be suitable, since this has a prime rating of 530 kw and a stand-by rating of
630 kw.

With starting kva given detailed consideration, more extensive computations are necessary.
Motor starting sequence

Horse-power of each motor

Full voltage across-the-line
skva, using 5.3 skva/hp

First

200

1,060

Second

200

1,060

Third

100

530

Fourth

100

530

Prime power kw rating
Cat D348 TA

20% Dip kva 630   )
                                 )
30% Dip kva 1230 )

530

630

1230

---

From

---

Figure

---

13-1

Therefore without considering the second, third and fourth motors we see directly that the D348
TA is not suitable for starting a 200 hp motor across-the-line. Another selection must be made.
Based on running and starting kva of 1260 read from Figure 13-1 the D349 TA should be
suitable and is next tried, with the computation procedure lengthened.

Motor starting sequence First Second Third Fourth

Horsepower of each motor 200 200 100 100
Full Voltage skva 1060 --- --- ---
Prime power kw rating of
cat D349 TA

--- 200 400 500

Total hp of motors
already started

--- 670/200 670/400 670/500

Prime Power kw/
                              on-the-line hp

--- 670/200
3.35

670/400
1.67

670/500
1.34

Multiplier from graph --- 1.02 1.08 1.12
Running kva of motors
already on the line

--- 164 164
164
328

82.5
164
164
410

Running kva x multiplier 167 354 459
Starting kva 1060 1060 530 530



S Running & Starting kva 1060 1227 884 989
==== ==== ==== ====

Therefore the Cat D349 TA with 1260 kva at 20% dip is a satisfactory selection. Significantly,
the continuous rating of the diesel engine driver is 890 hp. This is necessary to start and run
600 hp of large electric motors. The lighting and other loads are not significant and need not be
included in the tabulation.

In a quick check it will be found that if the starting sequence is 100/200/200/100 the maximum
kva is 1318 at starting the second 200 hp motor. If the sequence is 100/100/200/200 the
maximum kva is 1415. This confirms the importance of starting the largest motors first to
minimize voltage dip. This requirement does not necessarily conform to the normal sequence of
pump starting in response to water level.

In a permanent installation the generator is connected to the station switchgear through a
transfer switch which senses loss of utility power and trips to start the generator engine through
its starting battery. The engine comes up to speed and the generator is ready to start the
pumps. If pumps had been running at the moment of utility power outage they must be
re-started in sequence, and the generator will then continue to run until power is restored.
Preferably, starting occurs only if the pumps had been running.

If the pumps are connected to utility power through reduced voltage starting a smaller
generator is needed. There is thus an economic trade-off where across-the-line is possible, this
being the cost of across-the-line starting and larger generator set versus reduced-voltage
starting and smaller generator.

Figure 13-2. Trailer-Mounted Emergency Generator of the Type Used by Caltrans



Figure 13-3. Generator Control Panel

13-E The Mobile Generator Concept
Emergency or transportable equipment to start very large motors is expensive and usually
impractical. It can only be justified in unusual circumstances. On the other hand, it is feasible to
provide for starting medium-size or smaller motors, especially those as installed in dry-pit
stations of the California type. Caltrans has an effective program to provide this stand-by
capability, each generator being trailer-mounted and garaged in a location suitable to serve a
number of stations.

A generator must be compatible with the stations it serves to avoid overload, incorrect pump
rotation and accidents to personnel. Figure 2-4 in Chapter 2 shows the garaging of a typical
generator unit. Figure 12-6 shows a male receptacle and manual transfer switch. The wall
mounted receptacle and mating female connector supplied with the generator must be
polarized to prevent improper connections. The generator output connector must have the
same phase-rotation as the male receptacle located at each pump station. If not checked prior
to application, it is possible the motors would run backwards when the stand-by power is
applied. When required to operate, the generator is brought into place adjacent to the station,
the lead cables are plugged into the receptacle, the unit is started, and with the transfer switch
correctly set, the motors can be restarted one at a time.

The location of the garage or storage of the towable emergency generator is very important.
One method is to store it at a central maintenance yard with alternate routes available to all
highway pump stations that the generator is to serve. An alternate method is to locate it at one
of the pump stations it is to protect, as in Figure 2-4. Careful planning must be done to assure
that the unit can be moved to any station within the area speedily. Frequently, the only highway
route open to the emergency truck towing the unit is the one that is being flooded by the power
outage.



Figure 12-6 and Figure 12-8 showing station panel board can be reviewed. With all equipment
in place, the procedure for transferring to stand-by power is as follows:

Open circuit breaker on generator.●   

Start engine.●   

Plug-in portable cord.●   

Turn manual transfer switch to stand-by.●   

If ventilation equipment is required to run prior to operating pumps, open all main circuit
breakers except those serving the ventilation equipment.

●   

Place all pump controls in "Off" position.●   

Check generator control panel for proper voltage, frequency, and engine temperature.●   

Close main circuit breaker at generator control panel.●   

Turn control switch for largest pump motor to "manual" position.●   

Start largest motor and allow it to accelerate to normal speed.●   

Start other motors in sequence of descending size observing generator voltmeter.
Voltage will not drop more than 20 percent of generator rating if generator is properly
sized and each motor is started and accelerated in sequence as described.

●   

To transfer back to normal power, follow the above procedures in reverse order. Do not
restart any motor until it has come to a full stop.

●   

Figure 13-2 shows a trailer-mounted stand-by generator of the type used by Caltrans. Figure
13-3 shows the generator control panel.

Go to Chapter 14
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14-A General
Details of construction as they relate to general types of work such as highways, bridges and buildings are assumed to be well understood.
The pump station designer will be able in many cases to use details and standard specifications with which he is familiar. This chapter
emphasizes conditions and requirements which are specialized and relate specifically to pump stations. Chapter 15 - Station Design
Calculations and Layouts, gives a listing of 30 or more items, accessories or systems which may be found in pump stations. Some stations
may have them all, some only a few, according to the need perceived.

Architectural and structural factors are first considered, followed by cranes and hoists, ventilation and plumbing, protective coatings, and some
miscellaneous items such as fire protection, intrusion alarms, gas detection, instrumentation and telemetering. Appendix D - Specifications
should also be studied for further details and can be used as a guide to assist the writing of specifications for a particular project.

14-B Architectural Considerations
Architecture in relation to pump stations may be narrowly defined as having to do only with the visual appearance of stations, which will vary
greatly from one area to another depending on any prevailing standards of the agency, station location and other factors. Interior
arrangements of space and amenity which are usually important facets of architecture will be subordinated to provisions for accommodating
the necessary pumping machinery, with only the minimal space and facilities required for safe access, safe working areas and the
convenience of personnel. Chapter 3 - Site Conditions, should be reviewed at this point because the text is relevant and the figures therein
show increasing attention being paid to aesthetic values.

For pump station superstructures, concrete and masonry are the most widely-used materials. Figure 3-7 and Figure 3-8 show rectangular
masonry superstructures above caisson construction, and may be compared with the austere and unattractive concrete caisson
superstructure shown in Figure 14-1. Wood frame and stucco shelters have had very little use and pre-engineered metal buildings as shown
in Figure 14-2 have limited application. The metal superstructure is colorful and neat, usually with contrasting trim, but a more substantial
structure is usually preferred. Figure 14-3 and Figure 14-4 show pleasing examples of work in concrete.



Figure 14-1. Poured Concrete Superstructure for Caisson-Type Pump Station

Figure 14-2. Pre-engineered Metal Building for Pump Controls



Figure 14-3. Exposed Aggregate Wall Panel

Figure 14-4. Architectural Concrete for Dry-Pit Pump Station

14-C Choice of Materials
For the substructure of a pump station, the conventional choice is reinforced concrete, but the method of placement varies. Cast-in-place
construction is usually used for rectangular pump pits. For caissons, concrete is normally precast either at the site or elsewhere and then sunk
to required level. In the case illustrated in Figure 2-28, large-diameter precast concrete sewer pipe was used to construct the pit. Precast
rectangular vaults as shown in Figure 2-26 and Figure 2-27 have also been used for very small stations with submersible pumps. Cast-iron or
pressed steel rings have been used in the past for caisson-type stations and steel vessels have been used for sewage lift stations. However,



precast or cast-in-place concrete is usually the most suitable material for stormwater pump station substructures.

For pump station superstructures, poured or cast-in-place concrete is very versatile and with reasonable care some very effective results can
be obtained. Some variations in treatment include the use of aggregate of various colors with light, medium or heavy sandblasting; Fiberglas
forms, molded to various shapes and curvatures; single-use polystyrene form liners indented to create a brick or block masonry pattern; or
form linings to produce textures such as handsplit cedar or rough-sawn lumber.

In Figure 14-4, the rectangular pattern in the concrete was created by nailing square or vee strips to the forms. The simulated textured roof
was created by nailing reinforcing bars to the forms. Figure 7-1 shows more detail of a similar station. Other examples where parts of the walls
are exposed aggregate, or aggregate finish, are shown in Figure 2-7, Figure 2-15 and Figure 14-3. Precast wall panels or units rarely have a
place in pump station construction due to the small size of the average station and the number of openings in the wall structure. Rock-salt
finish is frequently used for flat concrete work. The salt dissolves leaving a pock-marked surface.

Masonry will usually be either brick or concrete block, although natural stone may have a place, either as a solid wall or a veneer over interior
wythes of common brick or plain concrete block. A face brick of some type is usually pleasing, with or without exposed concrete columns,
beams or other features. However, concrete block masonry is usually preferred over brick due to the greater variety of block type and size
available.

Common precision block, devoid of ornament, tends to produce a mediocre or utilitarian appearance. On the other hand, slumped block or
split face block, properly detailed, can give pleasing results. Figure 3-8 is an example of this. A pale yellow color block was used, with
matching mortar. Grey block and plain mortar painted with any selected color may also be used. Split face block was used for the station
illustrated in Figure 14-18. The radiused corners of the building improved the appearance with insignificant cost increase.

It is not appropriate to recommend the use of concrete for superstructures in preference to masonry, or vice versa. The proper use of either
can produce very satisfactory results.

14-D Structural Analysis
An adequately designed foundation for the pump station is essential. In particular, the need for piling and the possibility of hydrostatic uplift
must always be checked. An exterior waterproofing membrane may be required to prevent groundwater infiltration.

The foundation investigation involves determination of the seismic factor in some localities. A seismic factor that is higher than usual building
code values is sometimes necessary due to proximity of the station to active earthquake faults. A recently constructed station in Southern
California was designed for a seismic factor of .45g. This high factor was resisted without much special provision in the superstructure. The
main structural problem occurred in the walls below grade, due to the very high combinations of active and passive lateral soil pressures. The
necessity of interior wall stiffening to resist the high bending moments and shears, and the two-way spanning of the wall panels contributed
significantly to the complexity of the structural design of the box-type structure. An isometric view of this structure is shown in Figure 14-5.

Elements of the substructure also perform the essential hydraulic function of controlling and directing the flow of water so that there is a very
significant combination of form and function in design The spacing and layout of floor slab openings and supporting beams must be carefully
coordinated with equipment and access requirements. See Figure 14-6. In some cases, the structural analysis is straight-forward and
presents little difficulty, while in others it may be very involved. An example of a complex case would be a station with a rectangular pump pit
deep below grade, having an inlet transition and interior walls, and with the entire station designed to be resistant to high seismic forces.





Figure 14-5. Isometric-Pump Station Structure



Figure 14-6. Pump Station Layout

For pump stations, mass and uniformity of concrete sections is preferable to thin, highly stressed and highly reinforced members. This leads
to some sensible simplification, but even so the complexity of such a box structure with apertures in floors and walls requires careful analysis,
design and detailing. Concrete sections in a pump station should be generously proportioned. Due to the difficulties of forming, there is little to
be gained by reducing sections to an assortment of minimum sizes. Also, the added weight of the structure helps to offset buoyancy and to
dampen vibrations. Computer-aided design including dynamic analysis is recommended.

Masonry in the superstructure can be designed to withstand high seismic loads. It is essential that all masonry be reinforced, and that all block
cells be grouted. If brick is used, a continuous grout core is required. These types of construction are normal in high seismic areas. The use of
pilasters on the interior of the walls is more or less essential for the support of crane rails for a top-riding crane, and their combination with a
concrete roof provides the box structure required. If insulation of the building is required, it should be internal, rather than hollow wall
construction.

14-E Waterproofing and Miscellaneous Metal
Pump stations require many special features built into their general construction. A selection of these is described in this Section. General
building construction details in common usage are not referred to. The sequence of coverage is from bottom of excavation to top of roof,
utilizing a wet-pit design as the example.

Waterproofing of the exterior of the pump pit may be necessary. This can be accomplished economically by a rolled-on or hot mop
membrane. Alternately corrugated cardboard panels packed with bentonite grains can be used, or PVC sheeting with ribs keyed into the
concrete. In a caisson-type station, exterior waterproofing is impractical and dependence must be placed on impermiable concrete walls.

On occasions, the inlet pipe may be of pressure type with rubber gasket joints, and it may also be necessary to allow for movement between
the station and the inlet line. A suitable detail is shown in Figure 14-7.

In the pump pit itself the trash rack should be fabricated from A36 structural steel and a modular design using a number of similar panels is
convenient. A maximum clear-space between bars of less than one and one-half inches is desirable, to prevent passage of a 2 x 4 or similar
object which might damage a pump. The trash rack panels are attached to the base slab with corrosion resistant stainless steel bolts and are
bolted at the top to the catwalk. The pattern of the trash rack and its slightly sloping face are intended to facilitate cleaning of the face by
raking from the catwalk when necessary. A caged ladder gives access to the upstream portion of the pump pit and transition. See Figure 14-7.





Figure 14-7. Steel Fabrication Details



Figure 14-8. Stairway and Door Details

The catwalk extends for the entire width of the pump pit allowing full access to the trash rack, and also by means of finger walkways to other
equipment, and to a stairway to the bottom of the pump pit. The catwalk is suspended at several points from the concrete beams below the
floor slab, but it is also designed as a horizontal truss to resist the force of moving water against debris on the face of the trash rack.

The catwalk and walkways are made of welded grating and channels. The channels serve as side stringers, and as a toe-plate. A four-inch
high toe-plate is needed to meet OSHA requirements. A pipe handrail of required height is attached to the channel. The finger walkways and
the stairway are two feet clear width, again meeting OSHA minimums. Stairways are preferred to ladders, since ladders are generally more
hazardous, especially when tools or equipment are being carried. See Figure 14-8. Minor, but very useful, accessories in the pump pit are the
hoisting anchors embedded in walls or overhead concrete, as in Figure 14-7. These enable rigging to be secured any time dismantling or
removal of pumps is required.

All structural steel in the pump pit is welded into sub-assemblies and then galvanized to protect against corrosion. The subassemblies are
bolted together during installation. Bolted connections avoid the necessity of repairing the galvanizing which would be necessary after field
welding. Care should be taken in designing the sub-assemblies with compatible metal thicknesses so that excessive distortions do not occur
during the galvanizing process.

For the best hydraulic conditions, a solid backwall behind the pumps should be provided. Therefore, manway openings in the backwall should
be closed, except for drainage openings. Wooden doors with redwood verticals, edged and braced, are satisfactory. These should be set in
redwood frames and attached to the concrete by embedded toenails. Door details are shown on Figure 14-8.

The access stairway from the pump pit to the engine room or pump room is enclosed and has a bulkhead with a gasketed gas-tight door. This
is provided to seal off the pump pit and prevent gasoline or other explosive vapors from entering the superstructure. Marine-type bulkhead
doors are sometimes used, but their high threshold, restricted opening and screw clamps are inconvenient.





Figure 14-9. Pump Base Frame Details I

Figure 14-10. Pump Base Frame Details II

The pump pit plan and floor plan, Figure 14-6, show the pump pit items referred to, and also the layout of the openings in the floor. Each
pump must be set in the pump pit and its motor driver or its gear-head if engine driven must be above the pump room floor. Therefore, an
aperture in the floor is required to permit removal of the pump and its elbow and also removal of a check valve if used.

The pump must be securely attached to the concrete floor and a checkerplate cover is provided over the rest of the opening, gasketed and
held in place with countersunk screws to be gas tight. An elaborate fabricated pump base is required, securely embedded in the top of the
concrete floor. See Figure 14-9 and Figure 14-10. This also is fabricated of A36 steel and is galvanized after fabrication.

Other required floor openings should have an embedded frame and checkered plate to close the opening. Where these openings are large
and a heavy floor load is provided for, it is necessary that stiffening ribs be welded to the underside of the checkered plate, and that threaded



sockets be placed near the corners so the overhead crane may be used for their removal when necessary. Pump baseplates are normally
quite thick and it is desirable to recess the anchor bolts to avoid the hazard of personnel tripping. In fact, special care must be taken
throughout the pump room to avoid tripping hazards from electrical conduit stub-ups and runs, or from plumbing and piping runs. Much of this
work cannot be shown on the plans except in schematic form, so vigilance is essential during construction to avoid conditions which are not
satisfactory.

In addition to the main access to the pump pit by concrete stair, a secondary ladder access at the opposite end should be provided as a safety
feature. The access hatch when open must be protected by posts and surrounding chains. Similar provisions for guard posts and chains are
made at all other removable cover plates.

Personnel doors are provided at each end of the pump room for ready exit. In addition, a wide roll-up door serves for equipment and truck
access. Doors are steel, flush panel, with steel frames and the roll-up door can be operated both by electric motor or manually by chain. Door
details can be obtained from standard manufacturers' catalogs, as can all necessary data on hardware.

To discourage vandalism, louvers are more suitable than windows for pump station ventilation. Both electric motors and gas engines generate
heat, and gas engines require air for combustion. Cross-ventilation is necessary with either type of driver. Fixed or manually controlled louvers
suffice for electric motors, but engines should preferably have thermostatically controlled exhaust louvers. The engine fan draws air across the
engine and discharges it through the radiator ducting and the thermostatically controlled louvers to the atmosphere. There is a corresponding
inlet of air through manually controlled louvers on the opposite side of the building, which can be adjusted depending on ambient temperature.
A louver detail is shown on Figure 14-11 and specifications are included in Appendix D - Specifications. If heat-exchangers are used for
engine cooling, it is recommended that louvered air inlets with filters be set low in the exterior walls of the superstructure, with exhaust fans at
roof level. This or some similar means must be provided to provide for personnel safety and also for engine combustion air.

Insulation of engine exhausts is desirable to prevent heat damage and for safety of personnel. Where an exhaust is carried up and through
the roof slab, some special provisions are necessary to provide for expansion and to prevent moisture penetration. See Figure 14-11.

14-F The Necessity for Lifting Devices
An enclosing structure for a stormwater pumping station presents a problem of access to the pumps and other equipment. At the very least,
the enclosure must have roof hatches or covered openings through which equipment can be passed or debris can be removed with a mobile
crane. Alternately, overhead bridgecranes, jib-cranes or monorails may be permanently installed.

Some agencies prefer overhead power-operated bridge-cranes, along with lay-down or work-areas on the pump room floor where equipment
can be dismantled or repaired. Others believe it is more cost effective to provide simple hand-chain lifting devices only or to remove
equipment from the pump station for repair at a central location.

No single recommendation for handling facilities is made, but it must be remembered that stormwater carries a great deal of mud and debris
and the provision of power-operated lifting devices can greatly facilitate debris removal, including loading trucks. The lifting devices may be
mobile or permanently installed.



Figure 14-11. Louver and Exhaust Details

14-G Overhead Cranes
There are many manufacturers of overhead cranes, or bridge-cranes as they are sometimes called. A desired standard of materials and
workmanship is set forth in Specifications for Electric Overhead Travelling Cranes, published by the Crane Manufacturers Association of
America.

Top-riding bridge-cranes, with the end carriages on top of rails set on longitudinal girders, are considered superior to the under hung type
where bridge is hung from longitudinal beams set below the roof slab or elsewhere in the structure. But in a pump station this may not be an
important factor since the service is Class A-1 (standby), not production, as in a fabricating shop or warehouse. Crane capacity must, of
course, be sufficient for largest and heaviest items of equipment to be handled. A 5-ton capacity is normally sufficient.

Bridge-cranes have three directions of movement, longitudinal for the bridge, transversely for the trolley and vertically for the hoist. Any or all



of these movements may be manually chain-operated, or they may be completely electrically-powered, which is superior, but costly.
Push-button pendant control is standard. See Figure 14-12.

Vertical dimension required under the hook should be clearly shown, to suit pump sections to be removed from the sump. End approach
requirement is also indicated, compatible with aisleway width between wall and right angle gear or other equipment. Clearance of roof drains,
lighting, electrical switchgear, engine exhausts and the like should not be overlooked. Section 21 of Appendix D - Specifications gives a
comprehensive self-explanatory description of requirements.

Various components of bridge-cranes, a typical hoist, and a jibcrane are shown in Figure 14-13. The bridge-crane drive shaft shows the option
of an electric motor drive or a hand-chain drive. Either one or the other would be provided, not both. The hand chain is usually limited to
smaller bridges of capacity of three (3) tons or less. An example of a simpler and smaller capacity lowhead room underhung bridge-crane is
shown in Figure 14-14 and Figure 14-15.

The bridge movement is accomplished by pulling on an endless chain hanging within 18 inches of the pump or motor room floor level. The
chain wheel should be equipped with a swinging chain guide to prevent "gagging" of the chain when being rapidly handled. The chain wheel
must be securely attached to -the cross shaft which should be high-grade cold rolled steel and should extend the full length of the bridge on
one side. The cross shaft should be supported at not less than 7'-0" centers by antifriction bearings with grease fittings. A pinion gear should
be keyed to each end of the drive shaft to engage the gears on the driving truck wheels. Handrack drive shaft couplings should be mounted
within eighteen (18) inches of each end of shaft to simplify maintenance work.



Figure 14-12. Overhead Crane Installation



Figure 14-13. Crane and Hoist Components

14-H Monorails
A monorail system is a simpler method of handling pumps and equipment, but it is limited, since travel of the hoist is available in one plane
only. A configuration with more diversity is shown in Figure 14-16. The monorail system may be designed to accommodate any portion of the
gross weights of equipment with suitable safety factors.

The hoist may travel on a monorail by a hand racking system, or may be electrically powered. The hoist should be electric motor operated by
a pendant control, or by a push button station located in the building, at a central location. Power to the hoist is usually provided by a reeling
cable or tag line. The hook should be mounted in a thrust bearing so that it may be rotated under rated load. The hoist should have right and
left hand grooved drum to avoid twisting of the block.



14-I Jib-Cranes
Jib-cranes have a horizontal arm pivoted at one end, which can swing in a full circle in some cases, or less according to the type of mounting.
A hoist, electric or manually-powered, can be positioned as required along the horizontal arm. Horizontal movement of the hoist or rotation of
the arm are usually manual operations. The free-standing mounting with full rotation is shown in Figure 14-13, while the wall-mounted type is
shown in Figure 2-11. This type is pivoted at top and bottom and has a tie supporting the horizontal arm, making it less expensive but limited
in rotation. However, it is very suitable for the use illustrated. Jib-cranes have limited use for handling mechanical equipment in a pump station
but obviously are of value in trash handling.

Figure 14-14. Low Headroom Bridge Crane Houston, Texas



Figure 14-15. Low Headroom Hoist



Figure 14-16. Monorail Installation

14-J Hoists
Regardless of whether an overhead crane, a monorail, a jib-crane or even a simple A-frame is being considered, the hoist is a separate item
and possibly the most important element in the lifting equipment.

Hoists may be of manual type, with a single endless chain providing differential action for hoisting or lowering. They are very dependable and
safe, and available within the load range required for a pump station. However, manual effort required and slow speed of operation limit their
suitability.

Most hoists are electrically powered for the lifting operation and may be suspended from trolleys which in turn are either manually or
electrically traveled. As with bridge-cranes, there are many manufacturers nationally, and reference should be made to catalog data. Hoisting
and lowering speeds are normally specified together with the vertical range through which the hoist is required to operate. Where a pump pit
is very deep it may be necessary to have the hoist fitted with cable drums which are larger than standard, in order to accommodate the extra
length of cable. Control is usually by a pendant-type push-button device, the electrical circuitry and wiring being all part of and furnished with



the hoist. Inching capability should be specified to enable machinery to be set gently in place. Because of limited vertical clearance, it is often
necessary for a low-headroom model to be utilized. Appendix D - Specifications, Section 21, contains data for specifying a hoist, whether it be
part of a bridge-crane or other lifting structure.

14-K Roof Hatches and Mobile Equipment
To many agencies, mobile equipment justifies the elimination of all hoisting equipment from pumping stations, including those which are
powered by gas engines.

Roof hatches must be carefully sized and if possible located directly above each item of equipment. Figure 14-17 shows a circular hatch over
each pump, a rectangular hatch over the trash pit and a personnel access hatch. The relative locations can be compared with Figure 2-9 and
Figure 2-10 showing the interior of the same station.

Figure 14-17. Hatches in Top of Caisson-Type Station Detroit, MI



Figure 14-18. Hydraulic Crane Lifting Engine, Long Beach, CA

Figure 14-19. Top of Station Showing Accessibility Detroit, MI



Figure 14-20. Setting 24" Vertical Pump, Long Beach, CA



Figure 14-21. Typical Roof Scuttle

Rectangular covers will be noted in Figure 2-14, and a comparison should be made with Figure 10-2 which shows the motor and pump which
would have to pass through the hatch in the event that their removal was necessary. Figure 14-19 shows general accessibility.

These hatch covers are heavy fabricated metal, and except for the personnel access hatch, can be secured from the inside of the station to
prevent vandalism. Circular covers and some rectangular covers will have to be custom designed and fabricated, but it is also possible to use
a standard manufactured product, sized to suit requirements. This is shown in Figure 14-21 and is complete with latch and other hardware,
and is equally vandal proof. Use of this product in an actual pump station installation is shown in Figure 2-18 and Figure 2-19, where a single
long rectangular roof hatch or scuttle serves for the removal of three pumps. An interesting alternate to conventional roof hatches, used by
one agency, is a translucent corrugated plastic covering over a simple structure frame, which can be seen in Figure 2-15, Figure 2-16, and
Figure 10-9.

In removing equipment, its rotation to ensure clearance of discharge elbows or other projections is sometimes necessary, but this should
present no problem. Where pumps are fitted with suction umbrellas these must be removed in the pump pit. Hoisting eyes embedded in the



walls or the overhead beams or slab of the structure are useful in conjunction with come-alongs or other pulling or lifting devices. Figure 14-18
and Figure 14-20 show the use of a mobile crane for equipment installation during construction.

14-L Ventilation
Because of its importance to life support and safety, ventilation for even a small pump station will entail careful planning and design. Many
stations will not be as complex as the examples which follow, but the figures and the specifications should be helpful.

For pump station ventilation, the type of fan in common use is the belted vent set, which consists of a usually backward-curved centrifugal
blade which is in a scroll-type housing with rectangular outlet of given area. The blade wheel is sized to provide the required output in cubic
feet per minute and the motor runs at constant speed. By selecting the correct pulleys the units are factory set at the correct operating speed
to produce the static pressure required. The static pressure is measured in inches of water column and depends on inlet or outlet conditions
and the length and cross-sectional area of ducting. The higher the static pressure, the more fan motor horsepower required. Two belted vent
sets were used to ventilate the pump pit of the wet-pit station illustrated in Chapter 15 - Station Design Calculations and Layouts, Figure 15-1
through Figure 15-5.

Natural ventilation for the superstructure of the station is provided by means of louvers and doorway openings. The engines when running
exhaust through their radiator louvers and the louvers opposite must be open. The mezzanine office, which has no opening windows, has a
ceiling-mounted exhaust fan. When the office door is closed, exterior air enters through a wall vent and is heated, if necessary, by an electric
heater. The pump pit is sealed off from the superstructure, but two fans are provided in the pump room. One draws in outside air and
discharges into the west side of the pump pit. The other fan on the opposite side of the pump room draws air, possibly contaminated with
gasoline fumes, from the east side of the pump pit and discharges it above the roof of the building. This creates proper cross ventilation of the
pump pit.

The fans are run automatically on a timer cycle and provide at least six air changes per hour based on the pump pit volume, which in this case
is 30,640 cubic feet. The two fans are sized to deliver 3,000 cfm each, at 1" static pressure. Therefore, they run about half of the time when
needed. The fans are shut off in dry weather periods or when the station is unoccupied. The gas presence detector monitors the sump
condition at all times and would give an alarm over the telemetering system if a gas condition existed. The fans could then be run to clear the
hazard.

Figure 14-22 and Figure 14-23 show a dry-pit station with a centrifugal tap mounted near the bottom of the pit. In this case, there is a long
suction duct from grade and a free discharge from the fan. Operating procedures for some dry-pit stations require the fan to be run for a
minimum of ten minutes before personnel may descend the ladder into the pit, and the fan is to be run continuously while any personnel are in
the pit. In Figure 14-24 a small centrifugal fan is illustrated, drawing air from a circular caisson-type sump at a Texas station. The air enters
horizontally and is discharged vertically up the galvanized exhaust duct. The fan discharge in cubic feet per minute in relation to the sump
volume is not known. A wall-mounted exhaust fan in the superstructure of a caisson-type station is illustrated in Figure 14-25.

The fan volume is defined as the volume in cubic feet per minute, passing through the fan outlet. In normal application, the volume leaving the
fan is substantially equal to that entering, since the change in specific volume between fan inlet and outlet is negligible. The outlet velocity of a
fan is obtained by dividing the air volume by the fan outlet area. It is the velocity which would occur at a point removed from the fan in a
discharge duct having the same cross sectional area as the fan outlet. It is important that the fan outlet velocity does not describe the velocity
conditions which exist at the fan outlet, since all fans have non-uniform outlet velocity. The fan velocity pressure is equal to the outlet velocity
divided by 4,005 and squared. The fan total pressure is the difference between the total pressure at the fan outlet and the total pressure at the



fan inlet. The fan static pressure is the fan total pressure less the fan velocity pressure, and is the usual condition to be determined prior to
selection of a fan. Manufacturers' literature lists fan outputs against various static pressures, stated in inches of water column. The static
pressure can be determined from tables based on duct length or other field conditions. Fan motors may be 110 or 208 v. single-phase or 480
v. three-phase. Refer to Appendix D - Specifications, Section 26, for a brief but adequate sample specification for inlet and exhaust fans.

14-M Water Supply and Sanitary Plumbing
It is assumed that a supply of potable piped water is available near the pump station. Arrangements must be made with the water company to
provide the type of service required, which they will normally do by laying a service connection from their nearest main and installing a meter
at the property line. Downstream of the meter and before any branch, a backflow preventer must be installed. Depending on the type of
station, the water supply may be simply to one or two hose bibbs for washdown or to a larger number of outlets for various purposes. A
second backflow preventer on the domestic supply may be requested if such a service is required for potable water, wash-basin or
water-closet. All outlets not on a domestic supply must be clearly marked as non-potable, not fit for drinking, regardless of source.

One of the most important and frequently overlooked functions is to provide an initial stream of water prior to pump start-up, for the purpose of
ensuring that accumulations of mud, silt and grit are properly fluidized, and that the pump "sees" a suitable fluid instead of a damaging
accretion of solids containing insufficient water. Figure 14-26 shows such an arrangement with a two-inch supply to the agitator spray ring at
the sump pump. The complete isometric of the water supply piping for a station with three engines is shown in Figure 14-27 and is
self-explanatory, particularly showing how for convenience water is piped to all points of need and how solenoid valves are utilized in some
locations to start or stop flow as needed. Piping may be galvanized steel, copper or polyvinyl choride (PVC). The change from one piping
material to another to suit location and conditions can be seen, with the provision of all-electric bushings at changes of metal to prevent
deterioration due to electrolysis. Note that the piping isometrics and details show the intent only. The physical locations, field supports and
adjustments in routing require careful field layout and inspection to ensure that sightly, efficient and hazard-free installations result.

Figure 14-27 shows the water supply piping to wash-basin and water-closet, and Appendix D - Specifications, describes suitable fixtures for
industrial use. A small electric hot-water heater is also sometimes provided. The sanitary sewer connection (cast-iron) with waste vent to roof,
and the exhaust fan are also all specified, and as these are details of general building construction, no further description should be
necessary.



Figure 14-22. Wet-Pit Station Showing Fan and Inlet Duct, Los Angeles, CA

Figure 14-23. Same Fan, Ducting and Power Connection



Figure 14-24. Centrifugal Fan and Exhaust Duct Houston, TX

Figure 14-25. Wall-Mounted Exhaust Fan, Detroit, MI



14-N Sump Pump and Miscellaneous Piping
Sump pumps in dry-pits are of very small capacity, see Figure 12-19. They are required to handle only small quantities of water, such as from
pump packing and dismantling of equipment. There will be very little solids content in the water, consequently a small diameter galvanized
discharge pipe with screwed elbows and other fittings will be satisfactory.

Where the sump pump is directly exposed to stormwaters, and to random dry-weather inflows, as in a wet-pit station, the discharge line must
be of larger size and as free as possible from obstructions. If the line is too small or has reverse elbows, there is likelihood of plugging and the
sump pump becoming inoperable. Most sump pumps in this service are of submersible type, although there are non-clog recessed-impeller
type sump pumps in service with extended shafts and conventional motors.

It is a great advantage to be able to readily withdraw the sump pump to the pump room floor and a means of providing for this is shown in
Figure 14-26, using an adequately sized flexible hose. Fittings downstream of the hose are even more generously sized with provision for
air-release and drainage. Details also show relationship of sump pump sump to the opening in pump room floor above. See Figure 2-9, Figure
15-4 and Figure 15-5.

14-O Fuel Supply
Fuel supply includes both natural gas and LPG for engines. The necessary provisions and equipment required for the fuel supply are
illustrated in Figure 14-28 and Figure 14-29, but where only one source is to be used, the system can be simplified accordingly. Switching
from one supply to the other is effected manually and where natural gas can be piped in the LPG is usually only for stand-by or emergency
use.

Natural gas is supplied through a meter furnished by the utility company with regulators to reduce the pressure to required operating levels.
Natural gas piping may be made up with screwed fittings. LPG is a liquid which is under pressure at ambient temperatures, and socket weld
fittings are required

Strict regulations usually govern LPG storage and piping, including permissible capacity of tank and separation from adjacent structures.



Figure 14-26. Details of Submersible Sump Pump, Discharge Line, and Agitator Spray Ring





Figure 14-27. Water Piping Details

14-P Protective Coating Principles
Coatings are the most commonly used method for combatting corrosion, and painting is the commonest form of protective coating for metals.
Coatings work on the principle of completely separating the metal to be protected from the corroding elements so as to prevent or minimize
the reaction that may occur.

Protective coatings are usually colored and may serve the added purposes of improving appearance, identifying various types of piping,
structure or equipment, and of improving safety in compliance with OSHA.

Pumps and other machinery, electrical switchgear and equipment, structural steelwork and metal piping in any pump station are susceptible to
the mechanism of corrosion from various sources, such as humid climate, airborne gases and industrial wastes, sewage, decaying vegetation
and other harmful materials that may enter the station. The designer must recognize and protect against the possible consequences of
deterioration by corrosion, since pump station shutdowns or unsatisfactory operation can and do occur as a result of the corrosion of pumps
or other machinery and equipment.

Painting, epoxy or bitumastic coatings, pressure sensitive tape, galvanizing and cement mortar coating or lining are the principal methods of
applying protection to steel. Polyvinyl chloride (PVC) jacketing is sometimes applied to electrical conduit or other equipment. Waterproofing
sealers and paint are applied to concrete, masonry and wood as necessary.

The field of protective coatings is immense and confusing, which may lead to the specifying of primers and finish coats which are
incompatible, or other errors. Reference to a representative selection of manufacturers' current literature is essential, and care must be taken
to keep specifications up to date since development continues and product changes are frequent.



Figure 14-28. LPG Tank and Piping Installation





Figure 14-29. Fuel Systems

14-Q Paints
Hundreds of different types of paint coatings are available. Many of the paints consist of proprietary compounds that are sold under various
trade names. This can make paint selection confusing, but generally each type of paint is sufficiently described by the manufacturer that its
suitability for the intended purpose can be properly judged.

A basic reference for painting steel is the Steel Structures Painting Council (SSPC) Standard Specifications. In addition to covering various
types of paint, there are specifications for surface preparation, meaning the removal of rust, scale, grease and other contaminants. From
simple wire-brushing and the use of solvents, the surface preparation may extend to sand or shot-blasting to white metal, which forms a
toothing on the metal surface which is compatible with the highest standard of paint adherence and performance.

Coating thickness is measured in mils, or one-thousandths of an inch. The specified thickness usually requires a primer and two coats of the
finishing material. Paint application also requires various safeguards intended to ensure compliance with specifications and avoidance of error
or deception and the elimination of thin spots or pin-holes to bare metal.

Oil paints, based on natural oils from plants and fish, are easy to apply and relatively inexpensive, but their resistance to acid fumes is not
very good. Oil paints are permeable to moisture and are recommended only for mild atmospheres. Alkyd paints are resins obtained from the
reaction of phthalic anydride and glycerin, and generally require baking to dry, but this can be avoided by combining them with an oil base.
Alkyd paints have superior corrosion resistance to oil paints. Emulsion or water-base paints contain an emulsified resin in a water vehicle.
There are many systems of this type, including polyvinyl acetates and acrylics. The main attractions of the water base paints are the ease of
application, little odor, and easy cleanup. Urethane paints are made by reacting isocyanate with polyols. They have good toughness and
abrasion resistance, and their corrosion resistance may approach that of the vinyls and epoxies. Vinyl paints are made by polymerization of
compounds containing the vinyl group and are more corrosion resistant than oil-based or alkyd-based coatings.

14-R Epoxy Coatings
Epoxy coatings are formed by reacting epichlorhydrin with polyphenols, resulting in a variety of coatings classified by their method of
hardening. Amine-hardened epoxy coatings consist of two components, the hardener and the resin, that are mixed just before using. These
are the most resistant to chemicals. Polyamide-hardened epoxy is less resistant to acids but is tougher and more moisture proof. Coal-tar
epoxy is a combination of epoxy resins and coal tar pitch. It can be applied to steel without a primer and gives good resistance to fresh and
sea water, soil, and inorganic acids.

Epoxy coatings have been found to give reliable service when used for pumps, discharge piping and items in the pump pit, justifying their
greater first cost compared with paint systems. Coatings should be shop applied as far as possible, with thorough prior surface preparation. A
total dry film thickness of 15 to 18 mils is desirable. To avoid erosion, velocity of water in pumps, piping and manifolds should be limited to ten
feet per second, which is in any case compatible with the need to minimize head loss. A vertical pump with epoxy coating is shown in Figure
14-20.



14-S Galvanizing and Other Coatings
Galvanizing is the most effective method of protecting fabricated structural steelwork against the environment prevailing in a pump pit. It is
especially effective in humid climates. The general method of galvanizing is to dip the structural steel assembly into molten zinc. This is known
as the hot-dip or electrodepositing process and two ounces of coating per square foot meets the applicable standard. Repair of galvanizing
where necessary is done by an on-site zinc metallizing process, or by application of zinc oxide-zinc dust paint.

Galvanizing should be used to protect all trash racks, ladders and the like. See Figure 14-7. Galvanizing has been used for vertical pumps as
will be seen in Figure 14-24 and also for discharge piping as in Figure 14-22 and Figure 14-23.

Coal-tar or bitumastic coatings are mixtures of coke oven byproducts and organics and may be applied hot, or emulsified for use at ambient
temperatures. This method of coating is favored for underground pipelines, the preparation, coating and wrapping of pipe joints being a
conveniently mechanized operation. These coatings are not so readily utilized for items of pump station equipment.

Cement mortar lining is frequently used for steel water pipe, the autogenous healing of the lining representing a very desirable feature where
the line is always full of water. This is not the case with a pump station and so the application is less suitable. However, a cement mortar
jacket on the exterior of a buried steel manifold is an ideal usage. See Figure 8-1, Figure 8-2 and Figure 8-3.

Pressure sensitive tapes are a combination of flexible polyvinyl chloride backing over an inner layer of butyl rubber or similar adhesive. These
are easily applied by wrapping around pipe or fittings and have their place in protecting buried lines such as gas or LPG supply lines.

Polyvinyl chloride jackets are often applied to electrical conduits. The metal surface is sandblasted to near-white metal and a polyvinyl
chloride tie coat is sprayed or brushed directly onto the metal or applied over a zinc-rich primer for use with acrylic modified high molecular
weight polyvinyl chloride finish coats.

14-T Recommended Applications and Color Coding
Epoxy coating is recommended for wet-pit vertical pumps, sump pump, discharge piping, fans, ducting, LPG tank and piping. Oil paint
(enamel) is recommended for pump motors, engines and-gear drives, crane and crane beams, electrical switchgear, metal doors and
windows and miscellaneous metal. Galvanizing is recommended for structural steel in the pump pit, and can be used extensively for many
items or locations.

Masonry, if painted, should be sealed with waterproofing and a vinyl-acrylic paint used.

Tape or cement-mortar should be used for buried piping.

Suitable detail will be found in Appendix D - Specifications, although the use of manufacturers' or trade names may be objectionable unless
multiple sources are stated.

Finally, OSHA requires that any physical hazards in industrial plants must be color marked. Some of the examples in stormwater pumping
stations are:



Fire extinguishers and/or locations designating
same . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 

Danger signs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .

Emergency stop buttons on engines or other
machinery. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 

Inside of movable guards for transmission equip-
ment (drive shafts, gears, etc.). . . . . . . . . . . . . . . . . . . . . . . . .

Unguarded edges of platforms, pits and walls. . . . . . . . . . . .  

Handrails, guardrails - top and bottom treads of
stairways. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .

Lower pulley blocks and cranes. . . . . . . . . . . . . . . . . . . . . . . . 

Travelling cranes or areas thereon. . . . . . . . . . . . . . . . . . . . . . 

First aid kits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .

red

red

red

orange

yellow

yellow

yellow

yellow

green

14-U Fire Protection
Many pump stations, such as a small station constructed entirely with non-combustible materials and having small electrically powered
pumps, with means of immediate egress, do not require special fire protection equipment, not even a chemical fire-extinguisher. Any electrical
fire would probably occur while the station was unattended. While this would be damaging to equipment, it would not be hazardous to
personnel.

With larger stations, the pumping equipment is more complex, and lubricating oil may be spilled, or wiping rags may be carelessly left about.
Here, chemical fire extinguishers should be provided, and there should be doors at opposite ends of the building, equipped with panic bars.

14-V Intrusion Alarms
Photo-electric cells which receive invisible beams crossing openings have been used for many years and are reliable. It is usual to locate the
projectors and receivers so that beams cross all wall openings. A mirror is sometimes used to reflect a beam along a second wall, and reduce
the equipment required. An intruder will break the beam and cause an alarm to sound, usually at a remote point, utilizing the telemetering
system.

An alternate system is the microwave transceiver capable of detecting movement of a man-sized object and giving an alarm. Other systems
are available. Local inquiries are recommended.



14-W Gas Detection System (Fuel Presence Alarm)
Many stations, such as the dry-pit station with ventilated below-pavement storage box, do not need a gas detection system. The wet-pit
station with a large closed rectangular pump pit does, because there is always a danger of lethal accumulations of hydrogen sulphide (H2S)
from decaying vegetation or organic material in unventilated drain lines in addition to the flammable (gasoline) hazard. See Figure 14-32.
Information from the detector can be made available at a remote point by telemetry, as described in Section 14-V.

14-X Instrumentation
Instrumentation as applied to pump stations is the recording of water levels in the sump, the hours during which pumping equipment is
operated, and rotating speed or power consumption It provides the basic information from which the total quantity pumped can be calculated,
and the engine or motor operating hours can be determined. It is important to some agencies, not to others.

The pump operation is, of course, interrelated with the starting and stopping control, so that the pressure switches and air risers which may be
utilized for this function are for convenience grouped with the instrumentation. Figure 14-30 through Figure 14-32 show details of the
components of the instrumentation.

14-Y Supervisory Control - Telemetering
Supervisory control in its simplest sense means that authorized persons may be able to observe whether the pumping station is operating
satisfactorily at times of need, and if this is not the case, they are able to call for remedial action.



Figure 14-30. Controls and Instrumentation Layout





Figure 14-31. Recording Instrument Panel and Telemetering Panel Layout



Figure 14-32. Fuel Presence Alarm Device

The Caltrans stations are fitted with signal lights which indicate if the pump station is operating. Highway patrol officers can observe the lights
when driving by and radio in if the situation demands. See Figure 2-7 and Figure 3-2.

In a more sophisticated, but completely orthodox manner of supervisory control, the operating functions of any station may be telemetered
from the station to a control center. Telemetry makes use of leased telephone lines or radio-link connecting the station to the center, and as
many functions as desired may be continuously transmitted. This enables the control center to be aware of the status of any station at all
times and to take appropriate action when required to correct malfunctions or other unsatisfactory conditions. In addition to reporting pumps
running, the system can also show unauthorized intrusion and gas presence, high water level and sound alarms as required.

Figure 14-30 shows in diagrammatic form the relationship between electrical supply and data acquisition from tachometer, wattmeter, gas
detector system, and other components. This information is passed to the telemetry cabinet, encoded and passed over the telephone lines to
the remote display panel. The unattended station is designed to start and stop pumping as required in response to water level and report
operational status continuously to the control center. This is in keeping with current practice in various industrial and governmental
applications and is in no way unusual. Although of no application in regard to stormwater pumping, it is quite usual for an operator at a central
location to be able to start or stop pumps, open and close valves and perform similar functions at stations far distant by the use of telemetry.

14-Z Summary
As a whole, the architectural-structural content accounted for about two-thirds of the total work of preparation of plans and specifications for
the rectangular wet-pit type of station illustrated in various figures in this chapter and also in Chapter 15 - Station Design Calculations and
Layouts. Provision has to be made for many items so that the overall co-ordination of the design is most important.

Go to Chapter 15



Chapter 15 : FHWA-IP-82-17
Station Design Calculations and Layout
Volume I

Go to Chapter 16

15-A General
Chapter 6 - Wet-Pit Design, sets forth the complex criteria to be satisfied when designing a rectangular
wet-pit with vertical pumps. An example of how this is done is given in this Chapter. Reference is also made
to Chapter 4 - Collection Systems, and Chapter 8 - Pumping and Discharge Systems which also have much
relevant information.

Consistent with Chapter 14 - Construction Details, this chapter concentrates on the hydraulic design of the
rectangular wet-pit and its layout to suit equipment and function. It does not cover the structural calculations
required for a pump station. These may be complex also and very much more lengthy than calculations for
the development of the wet-pit itself. However, any guidance that is needed can be readily found elsewhere.
Hydraulic and structural calculations, together with general layouts for the caisson-type wet-pit and for the
dry-pit and other types will be generally less demanding. Nevertheless, benefit can be drawn from the
content of this chapter, even if simpler types are being designed.

It is essential that the calculations for a rectangular wet-pit be complete and set out in an orderly and logical
manner, with reasoning, so that they may be readily reviewed and checked. The set of calculations which
follows is for the station shown in Figure 15-1 through Figure 15-5, which has been constructed. It is the
Westside Pump Station, Long Beach, CA., designed for the City of Long Beach to the criteria of the Los
Angeles County Flood Control District. Determination of the discharge Q. the elevations and the basic
selection of the equipment had been made by the employing agency and preceded these calculations. A
tentative layout had also been made by the City and was followed in the final design. This emphasized the
hydraulic correctness of the pump pit and avoided the use of interior columns for direct support under
engines. It will have been noted that columns, or other supporting members not subject to flexure are
recommended elsewhere in the manual.

No verification for the determination of Q as 181 cfs is given, but this is not necessary for our example. The
principles upon which the selection of equipment and the determination of elevations were based are set out
in earlier parts of the Manual to which reference should be made. The selection of four pumps and their
sizing follows Section 4 - Collection Systems. It was an agency choice to utilize one electric pump (first-on)
for 15% of Q and three engine-driven pumps of equal size for the remaining 85%.

The collection system as originally designed is described in Section 4 and Figure 4-8 and Figure 4-9. The
pump pit area A, shown on Section 4-I as determined in this Chapter, is computed on Section 15-C. Note
that design of the pit is a matter of developing a trial layout and adjusting the dimensions and elevations to
suit the criteria requirements. From the pump size a bell and umbrella diameter can be determined, and the
pump spacing is 10 feet to suit the engine drivers. Because the pump pit and the superstructure did not need
to be the same size, an interior backwall and stilling well were developed, adding to the sump area and
improving the volume available for pump cycling considerations. The smaller electric pump was set closer to
the back wall than the larger pumps because of its smaller bell. The dimensions to end walls were developed
from space requirements and are not strictly to suit minimums for pumps. In determining the area of the
pump pit, space requirements for equipment must first be satisfied, and the length in the direction of flow
must meet the recommendations given in Figure 6-2 As the calculations develop, it is usually necessary to



step back and adjust some previously set dimensions or elevations in the layout until all requirements,
clearances and functions are properly satisfied.

During the course of the actual work, the design of the pump station and also of the collection system were
proceeding concurrently. The two elements were properly matched, usable storage was checked and pump
cycling criteria were met. See Section 4-F through Section 4-G. It was then found that due to existing
underground construction, the collection system would have to be lowered. This greatly increased usable
storage, and cycling ceased to be a consideration. The invert of the transition structure which was to have
been steeply sloped was sloped only from -14.10 at the inlet to -14.22 at the bottom of the pump pit. It
appeared inappropriate to lower the design water level and a slight pressure head (3.8 feet) on the inlet line
was accepted.

Proceeding with the design, the operating conditions are first described. The calculations follow in manuscript
form, as an edited copy of what was done for the original design work. This format enables sketches to be
included as needed for illustration.



Figure 15-1

Figure 15-2. Transverse Section



Figure 15-3. Longitudinal Section



Figure 15-4. Pump Pit Plan



Figure 15-5. Floor Plan

15-B Operating Conditions
The discharge line invert at the exit flap-gate is El. -0.04. The soffit of the 54" line is therefore El. + 4.54,
which is below high tide level. Because of poor seating of the flap gate due to marine growth and low seating
head available, the discharge line will become filled with water to high tide level which is +4.74 (highest
recorded).

The invert of the discharge manifold at the station is El. +4.75. Therefore it may be assumed that no
sea-water can ever reach the pump check valves, the lowest invert of which is El. +5.50. Air which is
displaced by entering sea-water will discharge from the top of the manifold into the pump pit through a
combination air relief and vacuum valve. See Figure 14-32.

When the tide is backing up in the discharge line, the small pump will start normally at El. -7.05 and deliver at
minimum TDH (maximum Q.) into the empty portion of the discharge line, the water displacing the entrapped



air through the relief valve. As the line quickly fills the head will rise slightly, and then when the line is filled
the pump will go to shut-off head as it begins to accelerate the entire column of water in the discharge line.
Gradually, as the column accelerates to a velocity of approximately 1.70 ft./sec. (corresponding to 27 cfs
discharge), the TDH against which the pump is operating will drop towards minimum value. Motor size for the
small pump must satisfy maximum shut-off head for pumps selected, which approximates 150 HP. If the
required horsepower is exceeded by only a small percentage (less than 10%) a 150 HP motor will be
satisfactory. This is because the customary 1.15 service factor of the motor makes allowance which is
compatible with the extremely short load duration.

This situation does not affect the engine selection as the engines are started at slow speed and idle there for
a pre-set time before slowly increasing speed. Since the pump head varies as the square of the speed ratio
and horsepower varies as the cube, as the engine increases speed from idle to normal operating speed, the
pump will be able to accelerate the mass of water in the discharge line without overloading the engine at any
point in the acceleration cycle. The engine is selected based on the maximum pump horsepower required
under the maximum head condition, which is about 180 HP. Allowing some tolerance on pump
manufacturer's curve data, use 190 HP for required engine horsepower at continuous rating.

It is very unusual in stormwater pump station design to encounter operating conditions such as described,
which require pumps to fill a discharge line and then accelerate the column of water. However, the example
does point out what is meant by shut-off head and the horse-power requirement involved. Another relatively
unusual matter was that at least four manufactures of vertical pumps had models capable of meeting design
conditions with a high percentage of efficiency. In many cases the required percentage of efficiency may be
specified lower so that sufficient competition results.

15-C Station Design Calculations





































Figure 15-6. General View of Wet-Pit Station Showing Many Features, Including Mezzanine Office

Figure 15-7. View from Office Showing Engines. Light-Angle Gears and Overhead Crane as Construction
Neared Completion

15-D List of Equipment
This Section summarizes the requirements for a rectangular wetpit pump station which includes all of the
applicable design features and a complete selection of equipment as described in preceding chapters. Figure
15-1 through Figure 15-7 display the layout of selected equipment, and show how it is arranged with proper
consideration for safety and convenience of personnel involved in operation and maintenance. The figures



also show these factors and how they are integrated with architectural and structural requirements. The
following check list is representative of one station only. Certain of the items are discretionary and all of the
items will not be necessary at many stations. The designer must be selective in choosing from the options
available. For instance, the pressure switch type of control, though reliable, is not necessarily endorsed in
preference to types described elsewhere in the manual.

Trash Rack
Hoisting Anchors
Walkways and Grating
Stairways and Ladders
Redwood Doors
Submersible Sump Pump
Pressure Switch Risers
Vertical Pumps
Air-Release Valves
Check Valves
Dresser Couplings
Discharge Manifold
Maintenance Platforms
Access and Clean-out Hatches
Plumbing

Gas and LPG Supply
Engines and Control Panels
Exhaust System
Drive Shafts
Right-Angle Gear Drives
Electric Motor
Electrical Switchgear
Power and Lighting
Fans and Ducting
Pump Pressure Switches
Gas Detector
Tachometers and Wattmeters
Water-Level Recorder
Telemetering
Bridge Crane

15-E Design Co-ordination
The basic pump pit dimensions were first determined from considerations of hydraulics and equipment
selection. The floor plan was then developed to match. The required floor area was greater than that of the
pump pit in this case. It was both longer and wider, which led to the false backwall. This in turn provided for
the stairwell, stilling-well, and maintenance platform at the check valves.

For convenience and personal comfort, office and toilet facilities are provided. The office with sound-proofing
is located at mezzanine level to both save space and provide operator overview of the station interior.

Minimum clearances, walkway and stairway widths, toe plates, handrail heights, ladders and safety cages
were checked for compliance with OSHA regulations. Electrical safety was carefully observed.

The effective design of a pump station represents the successful integration of a vast number of factors, but
it is believed that few have been neglected or not mentioned in this Manual, and the intent has been
throughout to present adequate guide material which can either be used without change or may be adapted
to suit particular circumstances.

Go to Chapter 16
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16-A General
Many agencies may have existing pump stations where operation is undependable or troublesome, or
where excessive maintenance is required. Due to poor siting some stations may be vulnerable to
flooding. This is illustrated by Figure 3-1, Figure 3-2 and Figure 3-4 in Chapter 3 - Site Considerations,
with explanatory text. In this chapter various causes of unsatisfactory operation are briefly discussed.
Some examples of modifications and retrofitting are given, as used or proposed to remedy deficiencies
of various types. Apart from hydraulic or machinery problems, environmental or security conditions may
not be satisfactory. In the latter cases, reconstruction of the pump station enclosure may be necessary
for aesthetics, sound abatement, or to prevent vandalism.

16-B Poor Station Location or Inlet Conditions
In the following example, the same station was flooded twice over a period of twelve years, in a
California location where the number of times of station operation each year is extremely low. Refer to
Figure 16-1. Built to State of California standards then prevailing, the station serves to drain a local
arterial street where depressed below an Interstate highway. At that time vertical pumps were used in
combination with the below-pavement storage-box. Figure 2-1 and Figure 2-2 show current practice,
where horizontal centrifugal pumps are now used in preference to vertical pumps.

The station discharges into a channel at the top of the embankment and this channel also receives
other tributary flows. The first flooding occurred shortly after the station was built, but was not due to
malfunction of the station equipment. The discharge channel became blocked and during a heavy
storm an overflow occurred, filling the depressed section to a level almost to the top of the station
structure.

The second malfunction occurred due to erosion of the embankment face. By the end of a dry season a
heavy growth of weeds had accumulated and this was cleared, leaving a bare face. With winter storms
a build-up of mud and silt occurred in the storage box and wet-pit as illustrated in Figure 16-1. The
pumps did not receive a proper fluid mixture with the result that bearings, impellers and bowls were
damaged, the pumps ceased running and flooding occurred. A retro-fit was recommended to pipe city
water to the station and so flush mud from the vicinity of the pumps. Reference may be made to Figure
14-26 showing an agitator spray ring for small submersible pumps, with time-delay pump starting
feature, allowing sufficient time for flushing action of piped water before pump start.



Figure 16-1. Wet Pit Station with Storage Box (A Supply of City Water is Proposed to Fluidize the
Sediment Prior to Pump Start)

A supply of city water is proposed to fluidize the sediment prior to pump start.

16-C Hydraulic Deficiencies
Considering vertical pumps, one of the principal causes of unsatisfactory operation is an improperly
designed wet-pit. Proper criteria are set forth in Chapter 6 - Wet Pit Design, but many existing stations
were designed prior to the present state of knowledge, or recommendations were not followed.

Where there are vertical pumps in a common pit, there must be adequate submergence, adequate
spacing and proper flow of water towards the pumps. Although there should be streamlined flow at
limited velocity, many stations have layouts which result in excessive velocity, turbulence and
vortexing, which cause cavitation and reduced output. In many stations vertical pumps are too closely
spaced, or have either excessive or insufficient clearances from concrete structures.

Cases exist where several pumps in a rectangular pit receive flow in line with their common centerline,
instead of at right angles to it. When these pumps are running, they interfere with each other, reducing
individual outputs substantially. An example of such a condition is illustrated in Figure 16-2, and its
correction by construction of an inlet transition is shown. Another problem which results in turbulence
and vortexing in the flow to the pumps is an improper trash rack design as illustrated in Figure 16-3.
Flow is required to pass under a solid board obstruction, then over an obstructing wall. Large objects
such as pieces of lumber or even automobile tires have been known to pass under such trash racks. A
metal bar screen is much more effective, giving positive protection and less obstruction to flow. A
modification from trash rack to bar screen is shown in Figure 16-4. Other possible corrections are also
shown. These are removal of obstructions and addition of false backwalls and sidewalls to provide
recommended clearances from pumps. The latter can sometimes be constructed out of heavy redwood
planking at less cost than for concrete construction. As remedial measures, baffles or splitters are
sometimes installed between pumps on a trial-and-error basis. Results may or may not be effective.
The best way to approach problems of this nature is to have a scale model pump pit constructed at a
hydraulic laboratory. By using one-quarter scale or similar and simulating conditions, the necessary
modifications to produce good operation can be determined.



One such laboratory operated by the Federal Government is located at the U.S. Army Corps of
Engineers, Waterways Experiment Station at Vicksburg, Ms.

In the case of horizontal pumps, poor end-suction conditions can cause pre-rotation and improper
performance, but no specific example of a deficiency and its correction can be offered.



Figure 16-2. Pump Station Reconstruction

Figure 16-3. Pump Station Reconstruction



Figure 16-4. Bar Screen and Other Improvements



16-D Replacement of Pumps
There are cases on record where vertical pumps have been replaced, or where volute or angleflow
pumps have been used in a wet-well/drywell configuration and after years of service have been
replaced by a different type of pump. A retrofit of the latter type is shown in Figure 16-5. Note that the
wet-well was remodeled and two submersible pumps were installed in it. The dry-well was partially filled
with sand and a new floor was constructed to support a modified discharge manifold. Ventilation and
heating were added together with a small sump pump. The actual installation is on the Bronx Parkway,
New York.

16-E Gas-Tight Sealing, and OSHA Requirements
Reference was made to the merit of the storage-box in isolating the pump station from the collection
system. Reference was also made in Chapter 6 - Wet-Pit Design, to the necessity for isolating the
pump room from the pump pit by gas-tight gasketted floor plates or bulkhead doors. This sometimes,
therefore, becomes a specific retrofit item. Details of suitable floor plates and frames are shown in
Figure 14-9. Ladders and safety-cages are also illustrated. It is known that in order to comply with
OSHA regulations, the State of California found it necessary to do certain retro-fitting of pump stations
for safety purposes. Possibly other states have had or will have similar programs.

16-F Cost Comparison of Alternate Methods
The present-day cost of retro-fitting a pump station may far exceed the original cost of construction.
Therefore, agencies faced with the necessity of doing such work may be disposed to carefully examine
alternates. Figure 16-2 and Figure 16-3 are reproduced from actual plans. A deep cofferdam
excavation was required to forty feet depth alongside a tidal river with attendant dewatering expense.
Fifty-two concrete piles were required to provide support for the transition structure equivalent to the
support of the existing structure. False back walls and side walls and a new bar screen were to be
installed; Stair bulkheads and gasketted floor plates were to provide for safety of personnel; Pedestals
were to be installed between pumps and motors for greater ease of maintenance and shaft adjustment.
Due to shortage of funding the back walls, side walls, stair bulkheads, floor plates and pump pedestals
were deleted from the plans and bids were taken in April 1981 for the reduced scope as described. Low
bid was $565,720. The station design Q is 222 cfs at 24 ft TDH and this has not been achievable due to
the hydraulic deficiencies existing. To assure 222 cfs discharge the agency will spend $2,548 per cfs.

Because of the evident high cost of reconstruction an alternate design was proposed using the
up-to-date technology of large submersible pumps. The work was to be done entirely within the existing
structure and bid at $484,574 for a saving of $81,146. Two existing vertical pumps, both recently
reconditioned would be salvaged for use elsewhere. Since the December 1980 installed cost of two
similar pumps was $130,000 the salvage credit would be substantial, and additive to the $81,146. The
gas-tight feature was retained.

The entire work is illustrated in Figure 16-6 through Figure 16-8. Special provisions were made to
ensure proper flow to the one vertical pump with combination engine and electric motor drive, which the
agency desired to retain. A stair-step arrangement of the submersible pumps was used and the entire
design was highly endorsed by the pump manufacturer, Flygt Corporation. Pertinent details are shown



on the figures. Regardless of the potential savings, the agency proceeded with the work as shown in
Figure 16-2 and Figure 16-3.

Figure 16-5. Pump Station Reconstruction



Figure 16-6. Station Cross-Section,
Large Submersible Pumps and Combined Discharge



Figure 16-7. Pump Pit Plan
Alternate retro-fit with 4 large submersible pumps with one existing vertical pump retained.

Figure 16-8. Longitudinal Section

Go to Appendix A
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List of Manufacturers
The following list of manufacturers has been compiled to aid the designer in identifying
manufacturers of pump station equipment. No approval of products is implied nor is omission of a
company intended to be a negative reflection on any of their products. It is the responsibility of the
designer to evaluate the products of any company to determine whether or not they are suitable and
will function acceptably in any given application. A list of addresses for the manufacturers listed
follows this Section.
CATHODIC PROTECTION EQUIPMENT

Harco Corp.
Heath Consultants, Inc.
Wallace & Tiernan, Div.
   Pennwalt and Co.

COATING AND LINING, METAL
PROTECTIVE: COAT TAR

Ameron
Bethlehem Steel Corp.
Engard Coatings Corp.
Independent Fitting Co.
Koppers Co., Inc.
Mead Pipe-Alabama
Progressive Fabricators, Inc.
Reilly Tar & Chemical Corp.
Russell Pipe & Foundry Co., Inc.
Rust-Oleum Corp.
Tapecoat Co., Div. TC Mfg. Co.
Tnemec Co., Inc.

COATING AND LINING, METAL
PROTECTIVE: PAINT AND/OR EPOXY

Ameron
Bethlehem Steel Corp.
Engard Coatings Corp.
International Oil Corp.
Koppers Co., Inc.
Progressive Fabricators, Inc.
Russell Pipe & Foundry Co., Inc.

PIPE FITTINGS, DISTRIBUTION

A/C Pipe Inc.
American Cast Iron Pipe Co.
Ameron
R.H. Baker & Co., Inc.
Clow Corp.
Dayton Foundry Co.
Dresser Mfg. Div., Dresser
     Industries
Ductile Iron Co. of America
Gifford-Hill-American Inc.
Goodall Rubber Co.
Griffin Pipe Products Co.
Independent Fitting Co.
Johns-Manville
Lynchburgh Foundry, A Mead Co.
McWane Cast Iron Pipe Co.
Mead Pipe-Alabama
Mueller Co.
Russell Pipe & Foundry Co.,
     Inc.
R & G Sloane Mfg. Co. Inc.
A.O. Smith-Inland Inc.
Superior Utility Products Inc.
Transverse City Iron Works
Tyler Pipe Industries Inc.
US Pipe & Foundry Co.
Victaulic Co. of America

PUMPS, CENTRIFUGAL, HORIZONTAL



Rust-Oleum Corp.
Tapecoat Co., Div. TC Mfg. Co.
Tnemec Co., Inc.

COUPLINGS, FLEXIBLE

A/C Pipe Inc.
Badger Meter Inc.
R.H. Baker & Co., Inc.
Dresser Mfg. Div., Dresser
      Industries
Ford Meter Box Co., Inc.
Johns-Manville
Limitorque Corp.
Mueller Co.
Superior Utility Products Inc.
Victaulic Co. of America
Zurn Industries, Inc

CRANES, OVERHEAD

Checo
Cleveland Tramrail
Craneveyor Corporation
Jarvis Webb Co.

ENGINES, DIESEL

Allis-Chalmers Corp.
Caterpillar Tractor Company
Waukesha Engine Div., Dresser
     Industries
White-Superior Div./White Motor Corp.
Detroit Diesel Allison Div.
    General Motors Corp.

ENGINES, GAS

Allis-Chalmers Corp.
Caterpillar Tractor Company
International Harvester Co.
Teledyne Wisconsin Motor
Waukesha Engine Div.,
     Dresser Industries
White-Superior Div./ White
     Motor Corp.

GATES, LIQUID LEVEL

A/C Pipe Inc.
BIF-Unit of General Signal Corp.
Bristol Div. of Acco

Allis-Chalmers Corp.
Aurora Pump, Unit General
     Signal Corp.
Bingham-Willamette Co.
Byron Jackson Pump Div.
     Borg-Warner
Delaval Turbine Inc.
Door-Oliver Inc.
Fairbanks Morse Pump Div./
     Colt Industries
Hayward Tyler Inc.
Kubota, Ltd.
Pacific Pumping Co.
Peerless Pump
TRW Mission Mfg. Co.
E.H. Wachs Co.
Waterous Co.
Worthington Pump Inc.

PUMPS, VERTICAL

Allis-Chalmers Corp.
Aurora Pump, Unit General
     Signal Corp.
Byron Jackson Pump Div.
     Borg-Warner
Cascade Pump Co.
Johnston Pump Co.
Kubota, Ltd.
Patterson Pump Div., Dubie-
     Clark Co.
Peerless Pump
U.S. Pumps
Worthington Pump Inc.

PUMPS, SCREW

Lakeside Pump Co.
Link-Belt, Div. of FMC
Passevant Mfg.

PUMPS, SUBMERSIBLE

A/C Pipe Inc.
Aurora Pump, Unit General
     Signal Corp.
Byron Jackson Pump Div.
     Borg-Warner
Dorr-Oliver Inc.
EMU Pollution Equipment Co.



Brooks Instrument Div.,
     Emerson Electric Co.
Hersey Products Inc.
Leopold Co., Div. of Sybron
     Corp.
Sparling Div., Envirotech

GATES, SHEAR AND SLUICE

A/C Pipe Inc.
American Bridge Div., US Steel
     Corp.
Armco Steel Corp., Metal
     Product Div.
Carlson Metalcraft Co., Inc.
Clow Corp.
Dresser Mfg. Div., Dresser
     Industries
Rodney Hunt Co., Water Control
     Equipment Div.
Kubota, ltd.
Mueller Co.
Traverse City Iron Works
Waterman Industries, Inc.

GEAR, SPEED-REDUCING

General Electric Co.
Limitorque Corp.

GEARS, RIGHT ANGLE

Amarillo Gear Co.
Johnson Gear & Mfg. Co., Ltd.
Philadelphia Gear Corp.
Randolph Mfg. Co.
Western Gear Corp.

HOISTS

Eaton Corp. Hoisting Equip-
     ment Div.
Harnischfeger Corporation
Ingersoll-Rand
Kamiuchi Electric Works, Ltd.
Robbins & Meyers
Ube Industries, Ltd.
Wright Hoist Div., Acc, Inc.

INSTRUMENTS, INDICATING AND
RECORDING

ESSCO
Flygt Corp./ITT
Hayward Tyler Inc.
Johnston Pump Co.
Kubota, Ltd.
Midland Pump Co.
Pacific Pumping Co.
E.H. Wachs Co.
Wemco Div. of Envirotech
Worthington Pump Inc.

PUMPS, SUMP

A/C Pipe Inc.
Aurora Pump, Unit General
     Signal Corp.
Byron Jackson Pump Div.
     Borg-Warner
Clow Corp.
ESSCO
Hayward Tyler Inc.
Johnston Pump Co.
Wemco Div. of Envirotech
Worthington Pump Inc.

TELEMETERING EQUIPMENT

A/C Pipe Inc.
Autocon Industries Inc.,
     Subsidiary Control Data
Automation Assoc. Inc.
BIF-Unit of General Signal
     Corp.
Bristol Div. of ACCO
McCrometer Corp.
Sparling Div., Envirotech
Universal Engineered Systems,
     Inc.
Teleproducts, Inc.

VACUUM TRUCKS

Central Engineering Company,
     Inc.

VALVE OPERATING UNITS

A/C Pipe Inc.
Bingham-Willamette Co.
The Cavins Co.
E-I-M Company, Inc.



Autocon Industries Inc.,
     Subsidiary Control Data
BIF-Unit of General Signal
     Corp.
Badger Meter Inc.
Beckman Instruments Inc.
F.S. Brainard & Co.
Bristol Div. of Acco
Brooks Instrument Div.,
     Emerson Electric Co.
Calgon Corp.
Capitol Controls Co.
Fisher & Porter Co.,
     Environmental Co.
Fisher Scientific Co.
General Electric Co.
Hach Chemical Co.
Hellige Inc.
Ionics, Inc.
Johnson Div. Universal Oil
     Products
Leopold Co., Div. of Sybron
     Corp.
Leupold & Stevens Inc.
Muesco Inc.
Neptune Water Meter Co.,
     Subsidiary Neptune Intl.
Rockwell Intl., Municipal and
     Utility Div.
Sparling Div., Envirotech
Turner Designs
Universal Engineered Systems,
     Inc.
Wallace & Tiernan, Div.
     Pennwalt Co.

METERS, WATER, FLOW,
ULTRASONIC

Accusonic Div. of O R E Inc.
Badger Meter Inc.
Bethlehem Corp.
F.S. Brainard & Co.
Neptune Microfloc Inc.
     Subsidiary Neptune Intl.
Sparling Div., Envirotech

METERS, WATER, VENTURI

Kennedy Valve Mfg. Co. Inc.
Kennedy Valve Div., Keystone
     Intl.
Limitorque Corp.
Raymond Control Systems,
     Div. Vapor Corp.
Rotork, Inc.
Seibu Electric Mfg. Co., Ltd.
E.H. Wachs Co.

VALVES, AIR RELIEF

A/C Pipe Inc.
APCO/Valve & Primer Corp.
CLA-VAL Co.
James Jones Co.
Kubota, Ltd.
Multiplex Mfg. Co. Crispin
     Valve Div.
Simplex Valve & Meter Co.
Traverse City Iron Works

VALVES, BACKFLOW PREVENTION

A/C Pipe Inc.
APCO/Valve & Primer Corp.
Badger Meter Inc.
Braukmann Controls Corp.
CLA-VAL Co.
Hersey Products Inc.
Kennedy Valve Mfg. Co. Inc.
Kent Meter Sales Inc.
Neptune Water Meter Co.,
     Subsidiary of Neptune Intl.
Rockwell Intl., Municipal &
     Utility Div.
Toro Technology Center, Div.
     of Toro Co.
Watts Regulator Co.

VALVES, BALL

A/C Pipe Inc.
Bingham-Willamette Co.
Ford Meter Box Co. Inc.
Jenkins Bros. Ltd.
James Jones Co.
A.Y. McDonald Mfg. Co.
Multiplex Mfg. Co., Crispin
     Valve Div.



BIF-Unit of General Signal
     Corp.
Badger Meter Inc.
Bristol Div. of Acco
Kubota, Ltd.
Leopold Co., Div. of Sybron
     Corp.
Universal Engineered Systems,
     Inc.
Vickery Simms, Inc.

MOTORS, ELECTRIC

Allis-Chalmers Corp.
Baldor Electric Company
Century Electric Div., Gould
     Inc.
General Electric Co.
The Ideal Electric & Mfg. Co.
The Lincoln Electric Co.
Marathon Electric
Reliance Electric Co.
Reuland Electric Co.
U.S. Electrical Motors, Div.
     of Emerson Electric Co.
Westinghouse Electric Corp.
Yaskawa Electric Mfg. Co.,
     Ltd.

PIPE, ASBESTOS-CEMENT

A/C Pipe Inc.
Cement Asbestos Products Co.
Certain-Teed Corp., Pipe &
      Plastics Group
Johns-Manville
Traverse City Iron Works

PIPE, CAST IRON

A/C Pipe Inc.
American Cast Iron Pipe Co.
Clow Corp.
Griffin Pipe Products Co.
Lone Star Steel Co.
McWane Cast Iron Pipe Co.
Mead Pipe-Alabama
Traverse City Iron Works
US Pipe & Foundry Co.

PIPE, CONCRETE (PRESSURE)

Pacific Valve Co.
Henry Pratt Co.
R. & G. Sloane Mfg. Co. Inc.
Watts Regulator Co.
Zurn Industries, Inc.

VALVES, BUTTERFLY

A/C Pipe Inc.
Allis-Chalmers Corp.
American Cast Iron Pipe
     Co.
APCO/Valve & Primer Corp.
BIF-Unit of General Signal
     Corp.
Bingham-Williamette Co.
Clow Corp.
Dresser Mfg. Div., Dresser
     Industries
FMC Corp., Fluid Control
     Operations
Jankins Bros. Ltd.
Kennedy Valve Mfg. Co., Inc.
Keystone Valve Div., Keystone
     Intl.
Kubota, Ltd.
MCC Center Line, Unit Mark
     Controls Corp.
Mueller Co.
Henry Pratt Co.
TRW Mission Mfg. Co.
Traverse City Iron Works
Victaulic Co. of America

VALVES, CHECK

A/C Pipe Inc.
Allis-Chalmers Corp.
American Cast Iron Pipe Co.
APCO/Valve & Primer Corp.
Braukmann Controls Corp.
Chapman
CLA-VAL Co.
Clow Corp.
Crane Co.
Dresser Mfg. Div., Dresser
     Industries
FMC Corp., Fluid Control
     Operations



Ameron
Gifford-Hill-American Inc.
Interpace Corp.

PIPE, DUCTILE IRON

A/C Pipe Inc.
American Cast Iron Pipe Co.
Clow Corp.
Griffin Pipe Products Co.
Lynchburgh Foundry, A Mead Co.
McWane Cast Iron Pipe Co.
Mead Pipe-Alabama
Traverse City Iron Works
US Pipe & Foundry Co.

PIPE, STEEL

A/C Pipe Inc.
American Bridge Div., US Steel
     Corp.
Ameron
Bethlehem Steel Corp.
Gifford-Hill-American Inc.
Lone Star Steel Co.
Progressive Fabricators, Inc.

Ford Meter Box Co., Inc.
Kubota, Ltd.
The Wm. Powell Valve Co.

VALVES, FLAP

A/C Pipe Inc.
Armco Steel Corp., Metal
     Products Civ.
Carlson Metalcraft Co. Inc.
Clow Corp.
Dresser Mfg. Div., Dresser
     Industries
Rodney Hunt Co., Water
     Control Equipment Div.
Kubota, Ltd.
Mueller Co.
Traverse City Iron Works
Waterman Industries, Inc.

VALVES, GATE

A/C Pipe Inc.
American Cast Iron Pipe Co.
Clow Corp.
Crane Co.
Dresser Mfg. Div., Dresser
     Industries
East Jordan Iron Works, Inc.
Griffin Pipe Products Co.
James Jones Co.
Kennedy Valve Mfg. Co. Inc.
Kubota, Ltd.
Mueller Co.
Patterson Industries Inc.,
     Valve Div.
The Wm. Powell Valve Co.
Standard Fire Protection
     Equipment
Traverse City Iron Works
US Pipe & Foundry Co.

VACUUM LOADERS

Peabody Myers



Addresses of Manufacturers
A/C Pipe INC.
Boro & Secane Road
Box 443
Primos, Pa. 19018

Accusonic Div. of O R E Inc.
Box 709
Falmouth, Ma. 02541

Allis-Chalmers Corp.
Box 512
Milwaukee, Wi. 53201

Amarillo Gear Company
Box 1789
Amarillo, Tx. 79105

American Bridge Div., U.S.
     Steel Corp.
600 Grant Street
Pittsburgh, Pa. 15230

American Cast Iron Pipe Co.
Box 2727
Birmingham, Al. 35202

Ameron
4700 Ramona Boulevard
Box 3000
Monterey Park, Ca. 91754

APCO/Valve & Primer Corp.
1420 So. Wright Boulevard
Schaumburg, Il. 60196

ARMCO Steel Corp. Metal
     Products Div.
Box 800
Middletown, Oh. 45042

Aurora Pump, Unit General
    Signal Corp.
800 Airport Road
North Aurora, Il. 60542

Braukmann Controls Corp.
56 Harvester Avenue
Batavia, N.Y. 14020

Autocon Industries Inc.,
   Subsidiary Control Data
2300  Berkshire Lane
Minneapolis, Mn. 55441

Automation Assoc. Inc.
1339 Lawrence Drive
Newbury Park, Ca. 91320

BIF-Unit of General Signal
     Corp.
1600 Division Road
West Warwick, R.I. 02893

Badger Meter Inc.
4545 W. Brown Deer Road
Milwaukee, Wi. 53223

R.H. Baker & Co. Inc.
2929 So. Santa Fe Avenue
Los Angeles, Ca. 90058

Baldor Electric Company
Box 6238
Ft. Smith, Ar. 72901

Beckman Instruments Inc.
2500 Harbor Boulevard
Fullerton, Ca. 92634

Bethlehem Corp.
25th & Lenox Street
Box 348
Easton, Pa. 18042

Bethlehem Steel Corp.
701 E. 3rd Street
Bethlehem, Pa. 18016

Bingham-Willamette Corp.
2800 N.W. Front Avenue
Portland, Or. 97210

F.S. Brainard & Co.
231 Penn Street
Burlington, N.J. 08016

Certain-Teed Corp., Pipe &
     Plastics Group



Bristol Div. of ACCO
40 Bristol Street
Waterbury, CT. 06720

Brooks Instrument Div.
     Emerson Electric Co.
407 West Vine Street
Hatfield, Pa. 19440

Byron Jackson Pump Div.
     Borg-Warner
2300 East Vernon Avenue
Los Angeles, Ca. 90058

Calgon Corp.
Box 1346
Pittsburgh, Pa. 15230

Capitol Controls Co.
202 Advance Lane
Colmar, Pa. 18915

Carlson Metalcraft Co. Inc.
828 Hingham Street
Rockland, Ma. 02370

Cascade Pump Co.
11212 Norwalk Boulevard
Santa Fe Springs, Ca. 90670

Caterpillar Tractor Co.
100 N.E. Adam Street
Peoria, Il. 61602

The Cavins Co.
2853 Cherry Avenue
Long Beach, Ca. 90806

Cement Asbestos Products Co.
Box 3435
Birmingham, Al. 35205

Century Electric Division,
     Gould Inc.
1831 Chestnut Street
St. Louis, Mo.  63166

ESSCO
4935 Telegraph Road
Los Angeles, Ca. 90022

E-I-M Company, Inc.

Box 860
Valley Forge, Pa. 19483

Checo Crane Hoist Engineering
     Corp.
6515 Salt Lake Avenue
Bell, Cal.  90201

CLA-VAL Co.
Box 1325
Newport Beach, Ca. 92663

Cleveland Tramrail
2115 W. Crescent Avenue
Suite H
Anaheim, Ca. 92801

Clow Corp.
1211 W. 22nd Street
Executive Plaza East
Oak Brook, Il. 60521

Crane Co.
4100 South Kedzie Avenue
Chicago, Il. 60632

Craneveyor Corp.
1524 N. Potrero Avenue
So. El Monte, Ca. 91733

Dayton Foundry Co.
11803 Industrial Avenue
South Gate, Ca. 90280

Delaval Turbine Inc.
Box 251
Trenton, N.J. 08602

Dorr-Oliver Inc.
77 Havemeyer Lane
Stamford, Ct. 06904

Dresser Mfg. Div., Dresser
     Industries
41 Fisher Ave.
Bradford, Pa. 16701

Ductile Iron Co. of America
Carolyn Ave.
Savannah, Ga. 31401

Gifford-Hill-American Inc.



Box 8
Missouri City, Tx.  77459

East Jordan Iron Works, Inc.
East Jordan, Mi.  49727

Eaton Corporation Hoisting
     Equipment Div.
Highway No. 1 North
Forrest City, Ak. 72335

Engard Coatings Corporation
2020 West 15th Street
Long Beach, Ca.  90813

Fairbanks Morse Pump Division
     of Colt Industries
3601 Fairbanks Avenue
Kansas City, Kansas 66110

FMC Corp.,  Fluid Control
     Operations
10516 Old Katy Road
Box 19465
Houston, Tx.  77024

Fischer & Porter Co.,
     Environmental Div.
County Line Road
Warminster, Pa.  18974

Fisher Scientific Co.
711 Forbes Avenue
Pittsburgh, Pa.  15219

Ford Meter Box Co. Inc.
775 Manchester Avenue
Box 443
Wabash, In.  46992

General Electric Co.
Sac Building 81-111
1 River Road
Schenectady, N.Y. 12345

General Motors Corporation
     Detroit Diesel Allison Div.
13400 West Outer Drive
Detroit, MI  48228

Independent Fitting Co.
10775 S.W. Cascale Boulevard

Box 47127
Dallas, Tx.  75247

Goodall Rubber Co.
Box 631
Trenton, N.J. 08604

Griffin Pipe Products Co.
2000 Spring Road
Oak Brook, Il.  60521

HAC Chemical Co.
Box 907
Ames, Ia.  50010

HARCO Corp.
1055 W. Smith Road
Medina, Oh.  44256

Harnischfeger Corporation
Box 554
Milwaukee, Wi.  53201

Hayward Tyler Inc.
25 Harbor Avenue
Norwalk, Ct.  06850

Heath Consultants Inc.
100 Tosca Drive
Box 456
Stoughton, Ma. 02072

Hellige Inc.
877 Steward Avenue
Garden City, N.Y. 11530

Hersey Products Inc.
250 Elm Street
Dedham, Ma.  02026

Rodney Hunt Co., Water
     Control Equipment Div.
102 Water Street
Orange, Ma.  01364

The Ideal Electric &
     Manufacturing Co.
330 East First Street
Mansfield, Oh.  44903

Kamiuchi Electric Works, LTD
U.S. Representative:



Box 23294
Portland, Or.  97223

Ingersoll-Rand
Woodcliff Lake, N.J.  07675

International Harvester
Pay Line Division
600 Woodfield Drive
Schaumburg, Il.  60172

International Oil Corp.
301 S. 21st Street
Birmingham, AL  35210

Interpace Corp.
260 Cherry Hill Road
Parsippany, N.J.  07054

Ionics, Inc.
65 Grove Street
Watertown, Ma.  02172

Jarvis-Webb Co.
739 Moore Road
Avon Lake, Oh.  44012

Johns-Manville
Box 5108
Denver, Co.  80217

Johnson Div.  Universal  Oil
     Products
Box 3118
St. Paul, Mn.  55165

Johnson Gear & Manu-
     facturing Co., Ltd.
921 Parker
Berkeley, Ca.  94710

Johnston Pump Co.
1775 East Allen Avenue
Glendora, Ca.  91740

James Jones Co.
4127 Temple City Boulevard
El Monte, Ca.  91734

Lone Star Steel Co.
2200 West Mockingbird Lane
Box 35888

Marubeni America Corp.
Hydraulic Machinery Dept.
624 South Grand Ave.
Los Angeles, Ca.  90017

Kennedy Valve Mfg. Co.  Inc.
1021 East Water Street
Elmira, N.Y. 14902

Kent Meter Sales Inc.
7 E. Silver Springs Blvd.
Suite 400
Ocala, Fl.  32670

Keystone Valve Div.,
     Keystone Intl.
9600 West Gulf Bank Drive
Houston, Tx.  77040

Koppers Co. Inc.
1900 Koppers Building
Pittsburgh, Pa.  15219

Kubota, Ltd.
U.S. Representative:

Marubeni America Corp.
Hydraulic Machinery Dept.
624 South Grand Avenue
Los Angeles, Ca.  90017

Leopold Co., Div. of
     Sybron Corp.
227 South Division Street
Zelienople, Pa.  16063

Leupold & Stevens Inc.
Box 688
Beaverton, Or.  97005

Limitorque Corp.
181 South Gulph Road
King of Prussia, Pa.  19333

The Lincoln Electric Company
22801 St. Clair Avenue
Cleveland, Oh.  44117

Neptune Microfloc Inc.
     Subsidiary Neptune Intl.
Box 612
Corvallis, Or.  97330



Dallas, Tx.  75235

Lynchburg Foundry, A Mead Co.
Dwr. 411
Lynchburg, Va. 24505

Marathon Electric
Box 630
Randolph & Cherry Streets
Wausau, Wi.

MCC Center Line, Unit Mark
     Controls Corp.
1007 East Admiral
Tulsa, Ok.  74101

McCrometer Corp.
3255 W. Stetson Avenue
Hemet, Ca.  92343

A.Y. McDonald Mfg. Co.
Box 508
Dubuque, Ia.  52001

McWane Cast Iron Pipe Co.
Box 607
Birmingham, Al.  35201

Mead Pipe-Alabama
Box 309
Anniston, Al.  36201

Mueller Co.
500 West El Dorado Street
Decatur, Il.  62525

Muesco Inc.
Box 36425
Houston, Tx.  77036

Multiplex Mfg. Co.
     Crispin Valve Div.
600 Fowler Avenue
Berwick, Pa.  18603

Peabody Myers
1621 S. Illinois Street
Streator, Il. 61364

Progressive Fabricators, Inc.
6800 Prescott Avenue
St. Louis, Mo.  63147

Neptune Water Meter Co.,
     Subsidiary Neptune Intl.
Route 229 S.
Box 458
Tallassee, Al.  36078

Pacific Pumping Co.
9201 San Leando Street
Oakland, Ca.  94604

Pacific Valve Co.
3201 Walnut Avenue
Long Beach, Ca.  90807

Passavant Corp.
Carson Road
Box 2503
Burmingham, Al.  35201

Patterson Industries Inc.,
     Valve Div.
1250 St. George Street
Box 1069
East Liverpool, Oh.  43920

Patterson Pump Division
     Dubie-Clark Company
Box 790
Toccoa, Ga.  30577

Peerless Pump
1200 Sycamore Street
Montebello, Ca.  90640

Philadelphia Gear Corporation
King of Prussia, Pa.  19406

The Wm. Powell Valve Company
2503 Spring Grove Avenue
Cincinnati, Oh.  45214

Henry Pratt Co.
430 So. Highland Avenue
Aurora, Il.  60507

Seibu Electric Mfg. Co., Ltd.
  U.S. Representative:

Marubeni America Corp.
Hydraulic Machinery Dept.
624 South Grand Avenue
Los Angeles, Ca.  90017



Raymond Control Systems,
     Div. Vapor Corp.
315 Kirk Road
St. Charles, Il.  60174

Reilly Tar & Chemical Corp.
1510 Market Square Center
151 North Delaware street
Indianapolis, In.  46204

Randolph Mfg. Co.
1110 N. Avenue T
Box 5306
Lubbock, Tx.  79417

Reliance Electric Co.
24701 Euclid Avenue
Cleveland, OH 91749

Reuland Electric Company
17969 East Railroad Street
Industry, Ca.  91749

Robbins & Myers
1345 Lagonda Avenue
Springfield, Oh.  45501

Rockwell Intl., Municipal
   & Utility Div.
400 N. Lexington Avenue
Pittsburgh, Pa.  15208

Rotork, Inc.
Box 278
Babylon, N.Y. 11702

Russell Pipe & Foundry Co. Inc.
Box 730
Alexander City, Al.  35010

Rust-Oleum Corp.
3201 Oakton Street
Evanston, Il.  60204

TNEMEC Co. Inc.
Box 1749
Kansas City, Mo. 64141

Toro Technology Center,
     Div. of Toro Co.
1709 La Costa Meadows Drive
San Marcos, Ca. 92069

Simplex Valve & Meter Co.
50 Fulton
Lancaster, Pa.  17602

R & G Sloane Mfg. Co. Inc.
7606 N. Clybourn Avenue
Sun Valley, Ca.  91352

A.O. Smith-Inland Inc.
2700 W. 65th Street
Little Rock, Ar.  72209

Sparling Div., Envirotech
4097 N. Temple City Boulevard
El Monte, Ca. 91731

Standard Fire Protection
     Equipment
2210 N. Tryon Street
Charlotte, N.C.  28231

Superior Utility Products
     Inc.
2590 Lafayette Street
Santa Clara, Ca.  95050

TRW Mission Mfg.  Co.
Box 40402
Houston, Tx.  77040

Tapecoat Co., Div. TC Mfg.
     Co.
1521 Lyons Street
Evanston, Il.  60204

Teledyne Wisconsin Motor
1910 South 53
Milwaukee, Wi.  53246

Waterman Industries, Inc.
Box 458
Exeter, Ca.  93221

Waterous Co.
300 John E. Carroll Ave. E.
South St. Paul, Mn.  55075

Watts Regulator Co.
Box 628
Lawrence, Ma.  01842

Waukesha Engine Div.,



Traverse City Iron Works
Box 848
Traverse City, Mi.  49684

Turner Designs
2247A Gold Middlefield Way
Mountain View, Ca.  94043

Tyler Pipe Industries Inc.
Box 2027
Tyler, Tx.  75710

Universal Engineered Systems,
     Inc.
7070 Commerce Circle
Pleasanton, Ca.  94550

U.S. Electrical Motors Div.
     of Emerson Electric Co.
125 Old Gate Lane
Milford, Ct.  06460

U.S. Pipe & Foundry Co.
Box 10406
North Birmingham, Al.  35202

U.S. Pumps
2325 East 49th Street
Los Angeles, Ca.  90058

UBE Industries, LTD
  U.S. Representative:

Marubeni America Corp.
Hydraulic Machinery Dept.
624 S. Grand Avenue
Los Angeles, Ca.  90017

Vickery Simms, Inc.
905 Mayfield Road
Box 459
Arlington, Tx.  76010

Victaulic Co. of America
3100 Hamilton Boulevard
South Plainfield, N.J. 07080

E.H. Wachs Co.
100 Shepard Street
Wheeling, Il. 60090

Wallace & Tiernan, Div.

     Dresser Industries
100 W. St. Paul Avenue
Waukesha, Wi.  53186

WEMCO, Division of
     Envirotech Corp.
Box 15619
721 North B Street
Sacramento, Ca. 95813

Western Gear Corp.
2600 E. Imperial Hwy.
Lynwood, Ca.  90262

Westinghouse Electric Corp.
4454 Genesee Street
Buffalo, N.Y. 14240

White Superior Div.
     White Motor Co.
1401 Sheridan Avenue
Springfield, Oh.  45501

Worthington Pump Inc.
2700 Sheffield Street
Mountainside, N.J. 07092

Wright Hoist Div., ACCO Inc.
1110 Princess Street
York, Pa.  17403

Yaskawa Electric Mfg. Co., Ltd.
  U.S. Representative:

Marubeni America Corp.
Hydraulic Machinery Dept.
624 South Grand Avenue
Los Angeles, Ca.  90017

Zurn Industries, Inc.
One Zurn Place
Erie, Pa.  16512



     Pennwalt Co.
25 Main Street
Belleville, N.J.  07109
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It has not been possible within the scope of this Manual to accumulate cost data which would
permit meaningful comparisons to be made between the various types of station illustrated. The
cost of identical construction will vary from one part of the nation to another, and the
construction market conditions prevailing at the time of inviting bids may cause significant
variations. However, in the case of the Westside Pump Station, Long Beach, CA, complete
data is available from the Bid Form which was utilized. Bids were taken in January 1978 and a
contract was awarded for the entire construction, based on the total price bid by the lowest of
five bidders. Construction was completed in April 1979 for substantially the same figure as bid,
there being no significant change in plans or extra costs incurred. Figure 15-1 through Figure
15-5 show the scope of work.

The lowest total price bid for the station of 181 cfs Q was $1,100,106.00, representing a unit
cost of $6,078 per cfs of pumping capacity. The construction extended from a four-foot length
of 75" diameter R.C.P. inlet pipe upstream of the station to the downstream end of the
discharge manifold. The station was constructed complete as one unit, with separate contracts
being awarded for the collection lines upstream of the station and the discharge line
downstream of the station. There was a difference between the low bid and second low bid of
$33,387.00 while the high bid of five received was $1,293,261.70.

The merits of itemizing quantities in a bid form may be argued, because there is usually some
unbalancing of items, but study and analysis generally provides some worthwhile insights into
the mysteries of the bidding and pricing process.

Finally, it is possible to arrive at some yardstick estimates of the cost of pumping stations,
expressed in dollars per cubic foot per second pumped. A range of $3,000 - $8,000 per cfs in
1982 dollars is suggested. The unit cost for small stations will tend to be higher, while larger
stations will benefit from economies of scale, unless elaborate design and complexities nullify
this advantage. Costs of forebay or storage box should be included as part of the cost of the
station. Costs of collection system upstream or discharge lines or channels downstream of the
station are usually accounted for separately from the station. Their cost is not included in the
range quoted. A rectangular wet-pit station of 400 cfs Q, with 4 engine-driven pumps and 2
electric pumps, also in Long Beach, CA, bid in December 1980 for approximately $2.6 million,
or $6,500 per cfs. Equipment and features were generally similar to Westside, but of larger
size.



CITY OF LONG BEACH, CALIFORNIA
Westside Industrial Park Storm Drain

Unit 2-B -- Westside Pump Station
Construction Bid - January 1978

All quantities shown are estimated quantities. All work is to be installed complete and all
machinery and equipment is to be tested and in operable condition acceptable to the City. Any
items of work or equipment not listed herein, but shown on the plans or referred to in the
specifications shall be included in the price bid for the appropriate item herein. The total price
bid shall be for the work complete and acceptable in every way.
Item
No. Description Quantity Units

Unit
Price Total

1 Demolition, including removal of existing A.C.
paving -- L.S. -- 10,000.00

2 Relocation of existing facilities -- L.S. -- 10,000.00
3 Excavation, including bracing and dewatering

(measured two feet outside slab) 2,411 cu.yd. 30.725 74,999.72

4 Rock mattress, as necessary, including allowance
for excavation over and above Item 3 50 tons 6.50 325.00

5 Waterproofing membrane below base slab and
enclosing structure to El. 5.0 5,770 sq.ft. 2.60 15,002.00

6 P.C.C. slab, 2000 psi, 3" thick over waterproofing
membrane (measured net to outside of pump pit
base slab)

1,952 sq. ft. 2.561 4,999.07

7 Backfill, selected native material stockpiled on site
or other location at Contractor's option 711 cu. yd. 14.065 10,000.22

8 Backfill, imported as necessary, including
allowance for haulaway of equal amount of
unsuitable native material

100 cu. yd. 30.00 3,000.00

9 Haulaway 1,730 cu. yd. 2.89 4,999.70
10 P.C.C., 4000 psi in base slab 188.8 cu. yd. 132.415 24,999.95
11 P.C.C., 4000 psi in walls and columns in pump pit 227.1 cu. yd. 450.463 99,999.90
12 P.C.C., 4000 psi in suspended slab and beams

over transition 24.0 cu. yd. 416.667 10,000.01

13 P.C.C., 4000 psi in suspended slab and beams for
floor at El. 12.50 50.2 cu. yd. 498.008 25,000.00

14 P.C.C., 4000 psi in stairway and wall below grade 7.0 cu. yd. 600.00 4,200.00
15 P.C.C., 4000 psi in cantilevers and beams at grade 9.5 cu. yd. 210.526 2,000.00
16 P.C.C., 4000 psi in floor slab at grade 12.0 cu. yd. 125.00 1,500.00
17 P.C.C., 4000 psi in stair bulkhead, mezzanine and

crane corbels 6.6 cu. yd. 578.125 3,700.00



18 P.C.C., 2000 psi in roof construction and topping 24.1 cu. yd. 127.527 3,100.00
19 P.C.C., 2000 psi in miscellaneous slabs and

footings at grade 3.4 cu. yd. 176.471 600.00

20 P.C.C., 2000 psi in mattress under manifold 9.5 cu. yd. 84.211 800.00
21 Reinforcing steel and welded wire mesh in P.C.C. 90,600 lbs. 0.341 30,931.20
22 R.C.P. Inlet 75" diam., 2000-D 3.33 lin.ft. 450.45 1,500.00
23 Precast prestressed concrete roof members, 8"

deep 1,558 sq. ft. 2.567 3,999.39

24 Concrete block masonry, split face, 8"  thick x 26'
height above grade 4,106 sq. ft. 4.871 20,000.33

25 Concrete block masonry, split face, 8" x 8" around
openings 204 lin.ft. 12.255 2,500.02

26 Concrete block masonry, precision 8" x 16" in
pilasters x 23' height 322 lin.ft. 15.528 5,000.02

27 Concrete block masonry, extra labor at window
openings, soldier course and miscellaneous -- L.S. -- 500.00

28 Reinforcing steel in concrete block masonry 3,540 lbs. 0.169 598.26
29 Structural steel and miscellaneous metal in

embedded items 9,359 lbs. 4.274 40,000.37

30 Structural steel in walkways, stairs, platforms, trash
rack, pump pit and miscellaneous 26,156 lbs. 1.912 50,010.27

31 Structural steel in stairways and miscellaneous in
engine room 3,422 lbs. 2.922 9,999.08

32 Doors, windows, louvers, and roof scuttle -- L.S. -- 12,000.00
33 General construction in office, toilet and pump pit -- L.S. -- 2,000.00
34 Office and toilet ventilation -- L.S. -- 650.00
35 Roofing 16.2 Squares 86.420 1,400.00
36 Flashing and miscellaneous sheet metal, including

engine radiator exhaust closures -- L.S. -- 2,200.00

37 Exterior waterproofing on concrete masonry 3,510 sq.ft. 0.541 1,898.91
38 Overhead crane, 5 ton, including rails and

supporting steel 1 L.S. -- 20,000.00

39 Gas engines, with drive shafts and accessories
complete 3 Each 51,666.66155,000.00

40 Pumps, 51.33 cfs, with right-angle gear drives 3 Each 51,333.33154,000.00
41 Pump, 27 cfs, with electric motor 1 Each 28,000.00 28,000.00
42 Check Valves, 36" 3 Each 30,000.00 90,000.00
43 Check Valve, 24" 1 Each 15,000.00 15,000.00
44 Sump pump with flexible hose and accessories,

complete 1 Each 4,000.00 4,000.00

45 Check valve, 8" with discharge piping 1 Each 1,700.00 1,700.00
46 Discharge manifold, complete 1 Each 30,000.00 30,000.00
47 Dual Fuel Supply System, complete 1 L.S. 4,000.00 4,000.00
48 Advance deposit to Long Beach Gas Department 1 L.S. 500.00 500.00



49 Domestic and industrial water supplies, plumbing
and fixtures, and connection to sewer, if required 1 L.S. 8,000.00 8,000.00

50 Advance deposit to Long Beach Harbor
Department -- L.S. -- 500.00

51 Air inlet and exhaust fans with sheet metal and
concrete ducting -- L.S. -- 3,500.00

52 Lube oil supply, drain tanks and piping -- L.S. -- 3,000.00
53 Air valves, miscellaneous piping, supports and

fixtures -- L.S. -- 3,000.00

54 Electrical power and lighting complete -- L.S. -- 41,611.40
55 Instrumentation, pump control, water level

recording and gas detection -- L.S. -- 12,583.00

56 Telemetering system and telephone service,
complete -- L.S. -- 8,000.00

57 Protective coatings and tape -- L.S. -- 12,000.00
58 Chain-link fencing and gates -- L.S. -- 2,300.00
59 Guard posts 14 Each 64.28 900.00
60 Base course, 6" thick generally and 8" thick as

required, under paving 2,430 sq. ft. .65 1,598.94

61 A.C. Paving, 3" thick generally and 6" thick as
required 2,430 sq. ft. 1.44 3,499.20

62 Operational testing, including furnishing all water,
fuel, power and lubricants -- L.S. --     3,000.00

$1,100,106.00
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To many engineers the writing of specifications presents more difficulty than computations and
drawings related to the design. This is recognized by many government agencies such as the
Corps of Engineers and the Department of the Navy, who make available outline specifications
which can be edited to suit a particular project. State Transportation agencies will likewise have
their own standard specifications which meet their usual types of construction.

However, it is unlikely that adequate pump station specifications are generally available and
this Manual attempts to fill such a need by presenting complete specifications for all aspects of
a recently constructed station. The subject station is of wet-pit type with rectangular sump. It is
equipped with conventional vertical centrifugal pumps, three driven by natural gas engines and
one by an electric motor. The station was designed for the City of Long Beach, California, to the
elaborate standards of the Los Angeles County Flood Control District. It thus contains a
comprehensive array of equipment and features and the specifications are correspondingly
detailed. These specifications have been tested by actual use in control of construction of the
station and were found to be entirely adequate for their purpose. A few discrepancies were
found and these are pointed out in the comments which conclude this introduction.

These Specifications are intended to be used as a guide only, the individual designer being
able to modify them to suit his conditions, the equipment he selects, and the like. The format is
that developed by the Los Angeles County Flood Control District and has been utilized on the
construction of a number of pump stations. Some minor adaptation to suit the format of the City
of Long Beach was required and this was done.

It will also be noted that reference is made to Standard Specifications. That excellent
publication is the Standard Specifications for Public Works Construction, developed by public
agencies in Southern California in cooperation with the Associated General Contractors of
California, and used very extensively. Any other standard specifications can be substituted, as
desired.

Attention is drawn to some specific items which deserve comment, either due to the content as
written or its impact on the control of the construction.

Section 1.6

A rock mattress was necessary and was installed over the bottom of the excavation,
which was carried to necessary depth inside a close sheeted cofferdam constructed
with H-pile soldier beams and timber lagging.Ground water infiltration was minimal.

Sections 2.1.3 and Section 2.4



The requirement that all shop drawings be properly coordinated and submitted
together worked very effectively. It enabled the engineer's checking and resolution
of problems to be expeditiously done without imposing any burden on the
contractor.

Section 5

Waterproofing membrane was placed over the three-inch lean concrete slab and
not beneath it as shown on the drawings. A heavy polyethylene film was placed
over the top of the membrane for protection while the reinforcing of the base slab
was placed.

Section 7

It was found to be impossible to secure deliveries of colored split face concrete
masonry units in an acceptable uniformity of color and texture. A grey block was
used in lieu of the color specified.

Section 9.3.3

Difficulty was experienced in avoiding distortion of the secondary trash rack
members during galvanizing. This was apparently due to differing heat transfer
through steel sections of greatly varying sizes. Special attention is required where
fabrication is to be galvanized.

Section 15.1.2

The specifying of minimum efficiencies at both maximum and minimum total
dynamic heads proved to be impractical and requirement for efficiency was limited
to design point.

Section 15.2.2

A 10 horsepower motor was proved to be adequate for the sump pump and was
accepted accordingly.

Section 20.2.1

Mild steel conforming to ASTM A 36 was used in lieu of ASTM A 283 Grade C due
to delivery difficulties. In any case, the superior properties of A 283 do not appear in
any way to have been necessary.

Section 20.4

The contractor submitted a slanting-disc check valve of foreign manufacture which
met specifications and was accepted. However, the mounting of the dash-pot
differed from that of the anticipated valve, and reduced clearance and access for
maintenance. Where such choices are offered to the contractor, the drawings must
clearly show dimensions as being "To suit equipment furnished" and some field
adjustments may be required.



Section 22.10.4

A change in model was required since the item specified had been discontinued.
Specifications should always be checked thoroughly to verify that specified items
are available.

Section 25.3

The epoxy primer Engard 411 was incorrectly specified. This is not compatible with
Engard 482. Consequently a two-coat application of Engard 482 to the required mil
thickness was utilized.

Section 26.3.1

The office and toilet fans were intended to be roof-mounted and should have been
specified as Model CRF 67 or equal. Duct size of eight-inch diameter was also
omitted, and a clarification was necessary.

Apart from the foregoing, very few questions as to the content or intent of the Specifications
were raised throughout the project.

CITY OF LONG BEACH, CALIFORNIA
Westside Pump Station

Description of Work to Be Done
The work to be done hereunder consists of constructing a complete pump station, including
reinforced concrete pump pit, entirely below existing grade, below-grade transition structure
connection from storm drain, manifold connection to discharge line, appurtenant excavation,
shoring and backfill, concrete block masonry superstructure with concrete roof, and installation
of all pumping machinery, electrical work, plumbing and related items.

The pump pit is approximately 27 feet deep and 41 feet by 32 feet on plan; the superstructure
is approximately 26 feet high and 54 feet by 32 feet on plan.

All items of pumping machinery and electrical equipment shall be furnished by the Contractor
under conditions as set forth in Special Provisions. No material will be furnished by the City.

Go to Section 1
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1.1 Protecting the Worker from the Hazard of
Caving Ground
Subsequent to approval by the Division of Industrial Safety, three sets of prints showing the
design criteria, calculations and sketches indicating the sequence of the placement and
removal of shoring, bracing, sloping or other provision made for worker protection shall be
submitted to the Engineer for review.

The contractor shall be aware that if a requirement for shoring as specified by the State
Construction Safety Orders is in conflict with the requirements specified by the Federal
Occupational Safety and Health Standards, the most stringent requirement shall govern.

1.2 Backfill and Bedding
The soils report indicates that all the soils on this project can be easily excavated with
conventional excavating equipment, and that the soils are suitable for use as backfill. However,
the majority of the soil was found to be over their optimum moisture content and will require
aeration prior to use as backfill. It is anticipated that some import fill will be required in lieu of
native material to make first-class bedding and backfill around inlet pipes, and as floor slab
subgrade. Groundwater was encountered and some of the soils approached saturation. It was
also noted that sheeting will be required to maintain the vertical excavation, since open
excavations are not feasible due to limitations of space. A combination of sheeting and open
cut will be permitted provided all excavation is within the limits indicated on the plans.

At the beginning of compacted fill or backfill operations, test sections shall be made, unless
otherwise ordered by the Engineer, as follows:

The test section may be any length or width sufficient, in the opinion of the
Engineer, to conclusively demonstrate that the type of compacting equipment,
thickness of fill or backfill layers and moisture content used will produce at least the
specified relative compaction, which is 95% of maximum optimum density. A
sufficient number of fill or backfill layers shall be placed in the test section to
conclusively demonstrate that the required minimum relative compactions are being
attained. The City will make the relative compaction tests, and if results are



satisfactory, the equipment, thickness of layers, moisture content and compactive
efforts used in the test section shall be used thereafter in the placing and
compacting of fill and backfill material. However, when fill or backfill material
different from that previously tested is used, or when relative compaction tests
indicate that required minimum relative compactions are not being attained, then a
new test section shall be made and equipment, thickness of layers, moisture
content and compactive effort shall be adjusted or changed as necessary to attain
the specified minimum relative compactions. Approval of equipment, thickness of
layers, moisture content and compactive effort shall not be deemed to relieve the
Contractor of the responsibility for attaining the specified minimum relative
compactions. The Contractor, in planning his work, shall allow sufficient time to
perform the work connected with the test sections, and to permit the City to make
the tests for relative compactions.

The relative compaction test will be made by the City at no cost to the Contractor.

Each layer shall be evenly spread, moistened, and worked by means approved by the
Engineer, and then mechanically compacted until a relative compaction for the fill or backfill of
not less than the percentage specified has been attained.

If excavation materials with an excessive moisture content are used as backfill, the Contractor
may find it necessary to do one of the following to attain the required relative compaction:

Suitably dry the wet material.  

Blend the wet material with dry material, such dry material being from the project
excavation or imported from sources outside the project limits.

b.  

Waste the wet material and use suitable excavation or imported material.c.  

1.3 Contractor's Work Area
The Contractor is cautioned that his work will be in an area occupied by Harbor Department
tenants in which cargos are stored and/or handled. He will be required to co-operate with these
tenants to minimize inconvenience and avoid any conditions which might preclude these
tenants from performing their normal operations.

The entire work area is on Long Beach Harbor Department property and the Contractor will be
permitted to use only the area surrounding the pump station and adjoining the oil production
area, as indicated on the drawings. The work area will be entirely within the fenced area
surrounding the Long Beach Harbor Department Warehouse No. 6, and will be irregularly
shaped, allowing at least seventy feet of clearance south of the warehouse building for Harbor
Department tenants' truck access and passage. The work area may be used for job office,
storage, stockpiling and conditioning of backfill, parking and other work-related reasons. No
additional Harbor Department property whatsoever will be available to the Contractor for any
purposes, and any auxiliary area which the contractor considers necessary for his operations



shall be leased by him at his expense. Any damage to Harbor Department paving, fencing or
existing facilities caused by the Contractor's operation shall be made good by him at his
expense and to the satisfaction of the Long Beach Harbor Department.

1.4 Collateral Work
The Contractor is advised that the work of constructing the storm drain collecting system
upstream of and leading to the pump station, together with the downstream discharge line from
the pump station, will be in progress concurrently with his work. He will be required to
co-operate with others performing the above-mentioned work and to schedule his work to take
account of same and to facilitate the actual work of tie-ins.

Temporary bulkheads required to be installed by the Contractor in the inlet pipe and discharge
manifold shall be capable of withstanding water pressure from either side so as to be of value
in testing both upstream and downstream pipe conduits. Removal of the bulkheads and leaving
the lines clear shall be the responsibility of the pump station Contractor unless due to prior
completion of the pump station work the Engineer waives this requirement.

1.5 Removal and Restoration of Permanent
Surfacing
The removal and replacement of existing pavement shall be accomplished in accordance with
the notes and details shown on the drawings, the applicable provisions of the Standard
Specifications, and the "General Specifications for Pavement Removal and Replacement Over
Trench Excavations", a copy of which is on file in the office of the City Engineer.

The first and second paragraphs included under I. GENERAL of the "General Specifications for
Pavement Removal and Replacement Over Trench Excavation" shall be deleted and the
following substituted therefor:

"All work embraced herein shall be done in accordance with the applicable requirements
provided in "STANDARD SPECIFICATIONS for PUBLIC WORKS CONSTRUCTION, 1973
Edition", adopted by the City Council of the City of Long Beach on July 24, 1973, together with
City of Long Beach amendments to said document, included herewith, and in accordance with
these Special Provisions.

Whenever reference is made to "Standard Specifications", it shall be deemed to mean
STANDARD SPECIFICATIONS for PUBLIC WORKS CONSTRUCTION, 1973 Edition, together
with "City of Long Beach, California Amendments to Standard Specifications for Public Works
Construction, 1973 Edition".

Minimum replacement width for asphalt concrete paving shall be 36" measured from the edge
of the excavation, whether shored or open cut. The outside 6" of paving on both sides of the
excavation shall be saw cut and removed as the last order of work prior to final paving.



The surface course of asphalt concrete shall be a minimum of 1-1/2 inches thick and shall be
Type 1-C-4000 asphalt concrete.

The base course of asphalt concrete shall vary in thickness as required to meet specified
thickness called out on the drawing minus the thickness of the surface course and shall be
Type 1-B-AR-4000 asphalt concrete.

Where restoration of permanent surfacing exceeds 12 feet or where it is deemed necessary by
the City Engineer, the asphalt concrete shall be spread with a self-propelled, mechanical
spreading and finishing machine.

Existing surfacing within the fenced area south and west of Warehouse No. 6 is six inches of
asphalt concrete on eight inches of base rock, and where removed outside the lease line for the
new pump station shall be replaced in kind.

1.6 Rock Mattress
Where the ground or subgrade on which a conduit or the pump station structure is to be laid or
constructed is soft or spongy or otherwise unsuitable for a foundation, the unstable material
shall be removed and replaced to the depth specified by the City Engineer with crushed
aggregate base conforming to the requirements of Section 200-2.2 of the Standard
Specifications. The crushed aggregate base shall be tamped until firm and unyielding to form a
rock mattress.

Payment for rock mattress will be made at the unit price of six dollars and fifty cents ($6.50) per
ton, for the actual number of tons, authorized by the City Engineer, which Contractor imports
and uses as foundation material for structures, and for foundation and bedding material for
pipe. An estimated tonnage is inserted by the City in the Contractor's bid form.

Said price shall include all costs necessary or incidental to furnishing and placing the rock
mattress, including excavation and disposal of surplus excavated material. The quantity shown
in "Estimated Quantities" is to be used only in determining the total bid. The City will not be
liable for anticipated profits if the quantity required is less than the quantity shown in "Estimated
Quantities."

1.7 Portland Cement
All portland cement to be used on this project shall be Type II and shall not contain any calcium
chloride admixtures. The Contractor is cautioned to order pipe or other materials that will
comply with this requirement.



1.8 Water Line Connection
Water line connection and/or appurtenant work as referred to in the Estimated Quantities will be
accomplished by the Long Beach Harbor Department. The Contractor shall request the work to
be performed and shall make payment to the Harbor Department of an advance deposit for the
amount stated under Item 50 of the Bid Form.

The Contractor shall also be aware that the Harbor Department will require four months
between the time that the work is performed and the time that the final billing can be computed.
At the time of final billing, the Contractor will either be given a refund by the Harbor Department
or will be charged for costs over the amount of the deposit. Upon presentation of the paid final
invoice to the City Engineer, the Contractor will be reimbursed in due course of payments by
the City for the real costs incurred.

1.9 Gas Line Connection
Gas line connection and/or appurtenant work as referred to in the Estimated Quantities will be
accomplished by the Long Beach Gas Department. The Contractor shall request the work to be
performed and shall make payment to the Gas Department of an advance deposit for the
amount stated under Item 48 of the Bid Form.

The Contractor shall also be aware that the Gas Department will require four months between
the time that the work is performed and the time that the final billing can be computed. At the
time of final billing, the Contractor will either be given a refund by the Gas Department or will be
charged for costs over the amount of the deposit. Upon presentation of the paid final invoice to
the City Engineer, the Contractor will be reimbursed in due course of payments by the City for
the real costs incurred.

1.10 Reinforced Concrete Pipe
Reinforced Concrete Pipe shall conform to the applicable provisions of Section 207-2 of the
Standard Specifications. Installations shall be in accordance with Section 306 -- Underground
Conduit Construction.

Payment for all costs for reinforced concrete pipe construction shall be included in the unit price
bid for Item 22.

1.11 Protective and Security Fencing
The Contractor shall provide protective and security fencing in accordance with State of
California Construction Safety Orders along the west side of the work site, maintaining a clear
width of at least eighteen feet of existing roadway. Existing fence which is to be removed may



be relocated and used as temporary protective fencing if complying with above-mentioned
Safety Orders, and if acceptable to the Long Beach Harbor Department as providing adequate
security for the enclosed warehouse area .

The entire warehouse area is fenced and secured and no other fencing of work area will be
required, provided the Contractor makes satisfactory arrangements with the Harbor Department
for ingress and egress and barricades all points of hazard. However, at his option, the
Contractor may at his own expense fence his entire work area within or up to the maximum limit
as shown on the plans and provide his own access to the existing roadway west of the pump
station. Removal of fence and restoration of permanent surfacing shall be performed in
accordance with Paragraph 1.5 herein. All costs for protective and security fencing shall be
included in the lump sum bid for Item 2.

1.12 Payment
Payment shall be made in accordance with Section 9 of the Standard Specifications.

Go to Section 2
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2.1 Material and Equipment Furnished by the
Contractor

2.1.1 General Construction
The Contractor is required to furnish at his expense all the materials of general
construction for the pump station, including but not limited to concrete, reinforcing
steel, structural steel, concrete block masonry, prestressed concrete roof members,
plumbing, waterproof membrane, roofing, rock and fill material, paving and fencing,
all as shown on the contract drawings and as described in these specifications.

The Contractor shall also furnish at his expense all materials required for shoring
excavations and for forming concrete and for any other incidental work of general
construction.

2.1.2 Mechanical and Electrical Construction
The Contractor is required to furnish at his expense all the machinery, equipment
and materials for mechanical and electrical construction of the pump station, all as
shown on the contract drawings and as described in these specifications.

2.1.3 Shop Drawings for General Construction
Within 30 days after award of contract, the Contractor shall submit to the City
Engineer, City of Long Beach, one complete package containing all required shop
drawings for general construction as set forth below. The submittal shall consist of
six copies of all shop drawings of the following items to be furnished, fabricated or
manufactured by the Contractor under the contract:

Reinforcing Steel for concrete and masonry.
Stainless Steel Anchor Bolts for embedment in pump pit base slab.
Reinforced Concrete Pipe.



Prestressed Concrete Roof Members.

Included with the package shall be six copies of Specification Data, which may be in
bulletin form, of the following materials to be used or furnished by the Contractor
under the contract:

Concrete Mixes.
Waterproofing Membrane.
Surface Hardener for engine room floor.
Concrete Block Masonry Units.
Louvers, Doors and Frames, Windows and Roof Scuttle.
Glazing
Roofing
Paint and Protective Coatings.

All Shop Drawing and Specification Data shall be clearly marked or stamped "City
of Long Beach, West Side Pump Station -- Project 07-01-01426".

The Contractor will not be permitted to commence work on the site until all the
above-listed shop drawings and data for general construction of the entire pump
station have been approved by the Engineer.

Six samples of concrete block not exceeding eight inches square shall be submitted
with the package to show color and texture of block proposed to be used.

If any major changes are required after checking the Contractor will be required to
resubmit six copies. If minor changes are required, such required changes will be
indicated on the two copies which will be returned to the Contractor and which shall
be used for construction.

Structural Steel shop drawings shall be submitted as described herein under
Paragraph 2.4.

Review of shop drawings and data by the City will be general and shall not relieve
the Contractor of the entire responsibility for the correctness of details and
dimensions, and from furnishing materials and performing work required by the
contract regardless of omissions from the shop drawings. Review of the shop
drawings shall in no way operate to waive or modify any requirements of these
specifications or the guarantee bond.

2.2 Payment
Payment will be made on the basis of percentage completion each month of each of the items
as listed in the Bid Form. No payment will be made for materials or equipment received and on
site, but not installed.



2.3 Guarantee

2.3.1 General Construction
Before the contract work is accepted by the City, the Contractor shall furnish the
City or its assignees a written guarantee stating that he will guarantee all
workmanship and materials becoming a part of the completed construction for the
period of 12 months from the date of final acceptance by the City.

During this 12-month period, when in the opinion of the Engineer there is evidence
to indicate defective materials or workmanship, the Contractor shall repair or
replace the defective materials or workmanship at his own expense and to the full
satisfaction of the Engineer.

The mechanical and electrical equipment shall not be covered by this guarantee but
shall be guaranteed as specified in Subsection 2.3.2 hereinbelow. The roofing shall
be guaranteed as specified in Section 11.3.

2.3.2 Mechanical and Electrical Equipment
Before the final start-up and testing of the pump station, the Contractor shall furnish
a bond from a Surety Company acceptable to the City for an amount of five hundred
fifty thousand dollars ($550,000.00) guaranteeing the satisfactory performance of
the mechanical and electrical equipment furnished and installed under the contract
to the extent that performance under actual operating conditions may be affected by
the workmanship or defective materials.

The Bond shall guarantee the replacement or making acceptable of any materials,
equipment or parts of equipment found to be inferior in workmanship or defective in
materials or improperly installed. The terms of this guarantee bond shall extend for
two years from the date of final acceptance of the entire work by the City, and all
costs of the bond shall be included in the prices bid for applicable items of
mechanical and electrical work.

2.4 Equipment Working Drawings and Specification
Data
Within 60 days after award of contract, the Contractor shall submit in one complete package all
required equipment working drawings as set forth below. The submittal shall consist of eight
copies of all Working Drawings of the following items to be furnished, fabricated or
manufactured by the Contractor under the contract:



* Pump Detailed Cutaway Assembly Drawings for Pumps Nos. 1 through 4, including
Electric Motor for Pump No. 1 showing internal construction. Separate drawings are
required for each item, with a minimum scale of 1" = 1'0".

.  

* Pump Detailed Cutaway Assembly Drawings for Sump Pump, including Electric Motor
showing internal construction. Separate drawings are required for each item, with a
minimum scale of 1" = 1'-0".

B.  

* Right Angle Gear Detail Cutaway Assembly, including details of Tachometer Generator
Drive Gearing, with a minimum scale of 1" = 1'-0".

C.  

* Natural Gas Engines Detail Drawings.D.  

* Natural Gas Engine Installation Drawing, including Flexible Drive Shaft, Shaft Guard,
Right Angle Gear, Pump Base and Right Angle Gear Pedestal, Electric Starting System,
Exhaust System with Piping and Supports, and Engine Foundation Plan.

E.  

* Torsional Analysis for Engine, Drive Shaft, Right Angle Gear and Pump System.F.  

* Engine Instrument Panel Detail Drawing.G.  

* Electrical Switchboard.H.  

* Pump Plant Electrical Wiring Diagrams, including Engine Control Panel.I.  

* Recording Instrument Panels.J.  

* Water Level Recorder Panel.K.  

* Telemetering System.L.  

* Discharge Manifold and Piping, including Couplings.M.  

* Bridge Crane.N.  

* L.P.G.Tank, Piping and Fittings.O.  

For the convenience of the Contractor and to allow more time for preparation, the following item
of shop drawings is included herein in lieu of a requirement that it be submitted as an item
under Paragraph 2.3.1 of General Construction. Six copies are required of which two will be
returned as provided for in Paragraph 2.1.

Structural Steel, Miscellaneous Metal Work and Fabricated Item, except stainless steelP.  



anchor bolts as referred to under Subsection 2.1.3 herein.

The Contractor shall prepare and submit eight copies of Specification Data, which may be in
bulletin form or catalog cuts, of the following items to be manufactured or equipment to be used
by the Contractor under the contract:

Pumps (including Pump Performance Curves marked with design points as specified).1.  

Pump Motors.2.  

Right Angle Gear Drives.3.  

Gas Engines, including all accessory items specified.4.  

Drive Shafts.5.  

Check Valves.6.  

Air and Vacuum Valves.7.  

Discharge Manifold Flexible Couplings.8.  

Discharge Manifold Cam-Lock Doors.9.  

Electrical Switchboard.10.  

Electrical Fixtures, Equipment and Materials.11.  

Pressure Switches.12.  

Water Level Recorder.13.  

Recording Tachometers.14.  

Recording Wattmeter.15.  

Telemetry Components.16.  

Gas Detector and Accessories.17.  

Bridge Crane.18.  

All bulletins or catalog cuts shall be properly edited and marked with the reference to the exact



item or model which the Contractor proposes to furnish.

All Working Drawings and Specification Data shall be clearly marked or stamped "City of Long
Beach, West Side Pump Station, Project 07-01-01426".

The eight copies of Working Drawings and Specification Data shall be sent to the City
Engineer, City of Long Beach, who will process the drawings and instruct the Contractor
regarding same.

The working drawings shall indicate all the detail, dimensions, clearances, types of finishes,
types of materials, and other pertinent data.

If any major changes are required after checking, the Contractor will be required to resubmit
eight copies. If minor changes are required, such required changes will be indicated on all the
working drawings.

When review is completed, two sets of drawings and data will be returned to the Contractor
with the Engineer's instructions. No work shall be done or shipments made until the City's
instructions have been received. The remainder of the drawings shall become the property of
the City, and shall not be subject to recall by the Contractor.

The Contractor shall allow a total of 30 calendar days for checking the submittal of working
drawings or specification data, unless extended by the necessity for resubmittals. Such time
shall start when drawings are officially received by the City Engineer. No checking or review
whatsoever will begin until it has been verified to the satisfaction of the Engineer that the
submittal of the required drawings and data is complete and includes all items listed herein.
The 30-day period for checking and review will begin from date of such verification and will be
extended by any necessity for resubmittals. Approval will be only for the entire package of all
equipment. No prior approval of individual items will be granted.

In addition, after the working drawings have been finalized, the Contractor shall furnish one set
of reproducible tracings or "sepias" for each of the working drawings designated with an
asterisk (*) in this section, all being stamped or marked "As-Built. "

The cost of preparing all required working drawings and "as-built" reproducible tracings or
sepias shall be absorbed in the price bid for each applicable item.

The Contractor shall certify to each and every item of electrical and mechanical equipment
being in strict accordance and compliance with these specifications by stamping each page as
follows: "CERTIFIED TO BE IN ACCORDANCE WITH THE REQUIREMENTS OF
SPECIFICATIONS NO. R-4786." Structural steel is not included in this certification
requirement.

The Contractor's certifier shall be the signatory to the Bid Form for this contract, or other
qualified person acceptable to the Engineer, who shall sign and date each page of the submittal
under the above specified stamp.

Review of working drawings by the City will be general and shall not relieve the Contractor of
the entire responsibility for the correctness of details and dimensions, and from furnishing
materials and performing work required by the contract, regardless of omissions on the working



drawings. Review of the working drawings shall in no way operate to waive or modify any
requirements of these specifications or the guarantee bond.

2.5 Material Furnished by the City
No material will be furnished by the City.

2.6 Inspection
The Contractor shall provide the Engineer access to all testing, manufacturing and assembly
sites of the engines, right angle gear drives, pumps and accessories, and any other
manufactured or fabricated items under the contract. Inspections will be made at the discretion
of the City.

The Contractor shall notify the City sufficiently in advance of the time the equipment and
accessories and other items are to be fabricated, to permit scheduling the inspections.

2.7 Substitution of Materials
Reference is made to Section 4-1.5 of the Standard Specifications.

During the preparation of the working drawings for the equipment to be fabricated and
furnished by the Contractor, the Contractor may if he so desires, offer for approval, by the
Engineer, substitutions in materials, designs, or method of fabrication from that specified.
Necessary material specifications, data, and detail drawings must be furnished with request for
substitution in order for Engineer to evaluate the substitution. If such substitutions are
considered equivalent to or better than those specified, in the opinion of the Engineer, the
Contractor will be allowed to incorporate the changes in the working drawings. The Contractor
may be required at his own expense, to furnish evidence, perform tests, or provide other proof
to the Engineer, in order that any substitution offered may be properly evaluated.

All such requests for substitutions by the Contractor must be made as part of the working
drawing submittal within 60 days after award of contract and shall have adequate attention
drawn thereto by the Contractor when certifying the submittal, who shall add the words "Except
as Noted", and state the substitution requested and request its acceptance over his signature.

2.8 Permits and Code Requirements
All operations in connection with the construction of the proposed pump station buildings shall
be done in a manner to conform with the Building, Mechanical, Electrical, and Plumbing
regulations of the City of Long Beach Municipal Code, and other laws and ordinances specified



herein.

The Contractor's attention is directed to the fact that if any building, electrical, or plumbing
permits are required to be issued by the City for this project, the various required permits will be
provided at no cost to the Contractor. Inspection of all phases of construction to insure
compliance with these specifications will be performed by the City Engineer.

The Contractor shall secure at his expense and prior to start of work any permits required by
the State of California and the Division of Industrial Safety.

The Contractor's responsibilities regarding utility services to the buildings are specified in
Section 12.

2.9 Instruction Manuals and Parts Catalogs
Before final inspection and performance testing of the pump station and appurtenant facilities,
the Contractor shall furnish eight complete bound together sets of instruction manuals and
parts catalogs of the following items:

2.9.1 Main Pumps, including electric motor for Pump No. 1.

2.9.2 Right Angle Gear Drives.

2.9.3 Natural Gas Engines and All Auxiliary Equipment.

2.9.4 Drive Shafts.

2.9.5 Check Valves.

2.9.6 Sump Pump and Motor.

2.9.7 Bridge Crane.

2.9.8 Roll-up Entrance Door.

2.9.9 Inlet and Exhaust Fans.

2.9.10 All Measuring and Recording Instruments.

2.9.11 Telemetering Equipment.

2.9.12 Gas Detector.

The binders shall be Wilson Jones Catalog Cover No. 564-64LH or equal as manufactured by
Coast Book Cover Company, or a City-approved equal.



2.10 Installation of Equipment
The Contractor shall have the installation of pumps, engines, and right angle gear drives,
specified in Section 15, Section 16, Section 17, Section 18 and Section 19 hereinafter,
supervised by the equipment manufacturer or his authorized distributors or dealers. It is the
intent of the City to have only experienced installers in responsible charge of work on the
project. Any inexperienced personnel permitted on the job shall be adequately supervised. The
piping and electrical connections to this equipment performed by other trades, shall have final
connections supervised and installation approved by equipment manufacturer or his authorized
distributors or dealers.

The Contractor is responsible for all work of any subcontractor as outlined in Section 2-3 of the
Standard Specifications.

2.11 Operational Tests (After Installation in the
Pumping Plant)

2.11.1 Notification
The Contractor shall notify the Engineer one week in advance of the time he wishes
to start the operational tests. Such notification shall not be given until the pump
station and discharge manifold are completed, and the discharge line to Channel 2
is completed by others.

2.11.2 General Requirements
The Contractor shall operate and test all equipment, engines, pumps, electrical
work, controls, and instrumentation in the manner directed by the Engineer.

The engines, and pumps, are specified to be tested prior to installation. However,
this further testing will be required to insure adequacy of installation, and the
acceptability of the permanently installed recording devices. All equipment and
devices for the tests shall be furnished by the Contractor.

All necessary repairs, replacements, or adjustments shall be made, if required, until
all equipment, pumps, engines, electrical work, controls, and instrumentation are
operating properly and are satisfactory to the Engineer.



2.11.3 Tests
The Contractor shall furnish all water required for the operational tests and shall fill
the sump and inlet transition structure to an elevation of 0.00 feet, prior to the tests.
A temporary bulkhead shall be constructed at the upstream end, inside the 75-inch
inside diameter storm drain pipe and capable of withstanding the specified head of
water from either upstream or downstream side. The short spool of discharge piping
and the flexible couplings between each check valve and the manifold shall be
removed during pump tests. The spigot ends of manifold branches for discharge
lines Nos. 1, 2, 3 and 4 shall be fitted with tight-fitting covers during the pump tests
to prevent loss of water.

In event any equipment does not operate properly, or any other water is lost, the
Contractor will be required to refill the sump and the transition structure to the
above-stated elevation for rechecking of any equipment after it has been repaired,
replaced, or adjusted until all equipment operates properly and is satisfactory to the
Engineer.

The Contractor shall first test the electric motor driven pump which is labeled
Number 1 on the plans. The operational test for this pump shall be performed with
pump discharging the pumped water back into the sump. The minimum operational
time shall be one hour for each pump.

The three engine-driven pumps Nos. 2, 3 and 4 shall be tested while completely
assembled and installed in place by recirculating water in the sump. Each engine
shall be run for one hour. The engine shall be run at speeds up to 1200 rpm as
designated by the Engineer. The satisfactory operation of solenoid valves and
recording devices shall be demonstrated during this test.

Measurement for the capacity of the pumps will not be required. However, the
Contractor may be required to perform other measurements, such as pump and
engine speeds, and the checking of the accuracy of controls and permanently
installed recording devices.

All equipment and devices for the tests and measurements shall be furnished by the
Contractor.

On completion of main pump operational tests, the sump pump shall then be
operated to lower the water level in the sump, It shall be tested by running
continuously to discharge until stopped automatically by low-level cut-off. The
temporary bulkhead shall then be removed by the Contractor. Covers over manifold
branches shall also be removed and discharge piping spools and flexible coupling
shall be installed complete.



2.11.4 Payment
All costs of the operational tests including, but not limited to, providing water,
natural gas, LPG, electric power, lubricants, repairs, replacements, adjustments, or
subsequent re-testing, shall be included in the lump sum amount bid for Item 62.

Go to Section 3
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3.1 Removal of Existing A.C. Paving
The Contractor shall remove all existing A.C. paving over the entire area of construction. Refer
to Section 1, Paragraph 1.5, Removal and Restoration of Permanent Surfacing, and comply
with same.

3.2 Removal of Existing Fence and Protective
Devices
The Contractor shall remove existing fence within the limits indicated on the plans. No existing
fence material be re-used in the permanent work, but at the Contractor's option it may be used
for protective and security fencing as provided for in Section 1, Paragraph 1.11, to which
reference is made. The existing guard post which is to be removed shall become the property
of the Contractor, but shall not be reused in the permanent work.

3.3 Relocation of Existing Facilities
The existing light pole shall be relocated as shown on the plans. Depth of embedment of the
pole shall be the same as existing. Conduit run and wiring shall be shortened or extended to
suit ensuring that any routing is outside the fenced area of the new construction. Relocation of
the light pole shall be effected immediately following removal of existing A.C. paving from the
construction area and service shall not be interrupted during hours of darkness. Long Beach
Harbor Department will arrange for power to be cut off as necessary for performance of the
work and shall be advised by the Contractor 48 hours in advance of his scheduling of the work.

3.4 Payment
The cost of all work of demolition shall be included in the lump sum price bid for Item 1 and the
cost of all work of relocation of existing facilities shall be included in the lump sum price bid for
Item 2.



Go to Section 4
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4.1 Earthwork

4.1.1 General
The Contractor shall perform all earthwork required to construct the pump station
and appurtenances, all as shown on the drawings and as described in these
specifications.

The earthwork, in general, shall consist of excavation, control and diversion of water
and dewatering excavations, backfill, removal and disposal of excess excavated
materials and fine grading.

The removal of existing improvements of any nature required as a result of the
construction of the pump station and discharge lines, is considered a part of the
work Under Item 1. The restoration of all existing improvements, except base
course and A.C. paving, shall be as specified in Section 1.3 and shall be included in
the lump sum amount bid for Item 2.

4.1.2 Shoring of Excavations
Shoring of excavations shall be in accordance with the requirements of subsection
306-1.1.6, as amended, Standard Drawing 2-D 466 and other applicable provisions
of these specifications and project drawings. The required lateral pressure to be
used in the design of sheeting is shown on Sheet 2.

On request, the Contractor will be provided by the Engineer with a copy of the
foundation investigation tests.

The unit price bid for Item 3 shall include all costs relating to shoring and
dewatering of excavations as described hereinabove.

No change will be made in the amount to be paid under Item 3 as a result of
required revisions in the shoring details as mentioned in subsection 306-1.1.6.



4.2 Backfill and Fill
Backfill material (including imported material, if the Contractor so elects or the City directs the
use thereof) and placement shall be in accordance with the applicable provisions of sections
300 and 306.

Unless otherwise specified, the project excavation material is suitable for use as backfill. A
sufficient quantity may be stockpiled on site within the area allowed as working area for the
Contractor.

The Contractor's attention is directed to the fact that some of the material to be encountered
may have a high moisture content and he is referred to subsection 306-1.3.1, for methods of
obtaining the required relative compaction specified hereinafter.

All backfill and fill shall be mechanically compacted to a minimum relative compaction of 90
percent, except for the topmost 12" which shall be compacted to a minimum relative
compaction of 95 percent.

4.3 Densification
Backfill shall be placed and densified in accordance with the provisions of section 300 and
subsection 306-1.3.

4.4 Grading
Perform all grading around and adjacent to pump station as detailed on Sheet 2. Grading shall
include grading required for subgrade for paving work as described in Section 4.5, hereinafter.

4.5 Paving

4.5.1 Yard and Surrounding Area
The Contractor shall pave the enclosed yard and surrounding area around the
pump station building as shown on Sheet 2 with three inches of asphalt concrete
over six inches of crushed aggregate base over compacted subgrade, except that
any pavement removed outside the lease line shall be replaced in kind, six inches
of asphalt concrete over eight inches of base rock. Refer to and comply with
Subsection 1.5 herein.



4.5.2 Materials

4.5.2.1 Aggregate Base Material

The aggregate base material shall conform to section 200-2.2 of the Public Works
Specifications. Base material shall not be less than six inches thick after
compaction.

The relative density of aggregate base shall be determined by the method
described in section 211-2 of the Public Works Specifications.

4.5.2.2 Surfacing Material

Grade and base compaction work shall be completed and compaction test data
approved by the Engineer before the work required for asphalt paving shall be
started. The placing of hot-mix asphalt shall be performed only when weather
conditions are suitable and atmospheric temperature is fifty degrees F. or higher.
No paving shall be placed on wet base.

Asphalt concrete shall be as specified in Subsection 1.5 herein.

4.5.2.3 Soil Sterilization

Areas to be surfaced with asphaltic concrete pavement shall be treated with a
nontoxic soil sterilizer such as Fenamine as manufactured by the American
Chemical Company, Pramitol 25E as manufactured by Geigy Agricultural
Chemicals, or a City-approved equal.

The Fenamine shall be diluted with water at the rate of 1 gallon of sterilant to 9
gallons of water. The Pramitol 25E shall be diluted at the rate of 1 gallon of sterilant
to 5 gallons of water.

The soil sterilant solution shall be applied at the minimum rate of 3 gallons per 1000
square feet by means of spray equipment which provides good agitation and even
coverage of the soil.

The soil sterilizer shall be applied after the preparation of the subgrade has been
completed and just prior to constructing the pavement. The pavement shall not be
constructed on the treated area until it has thoroughly dried.

The Contractor shall provide all necessary protection to prevent injury to life and
damage to property (including plants and other vegetation) occasioned by the
application of the soil sterilizers.

The mixing and application of the soil sterilizing solution shall be performed only in



the presence of the City inspector. After a reasonable drying period for the applied
sterilant, the Contractor shall proceed with the paving operation.

4.6 Dewatering
Refer to subsection 306-3.2 of Standard Specifications. Substitute the words "pump station" in
lieu of the word "tunnel" where the latter occurs.

4.7 Rock Mattress
Refer to Paragraph 1.4 for use of rock to form mattress as required to stabilize bottom of
excavation.

4.8 Payment
All costs involved in the excavation, including shoring and dewatering, shall be included in the
unit price bid for Item 3.

All costs for backfill using native material shall be included in the unit price bid for Item 7.

All costs for imported backfill shall be included in the unit price bid for Item 8.

All costs for haulaway of excess excavated or unsuitable material shall be included in the unit
price bid for Item 9.

All costs for rock mattress shall be included in the unit price bid for Item 4.

All costs for base course shall be included in the unit price bid for Item 60 .

All costs for A.C. paving shall be included in the unit price bid for Item 61.

Go to Section 5
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5.1 General
It is the intent of this specification that the reinforced concrete pump station sump wall and floor
below El. 5.00 shall be completely sealed and protected with the specified bentonite
waterproofing membrane and that all joints between individual sections of the waterproofing
membrane shall be continuously sealed by overlapping joints or hydrobar tubes. Bentonite joint
seal jelly shall be applied around any pipes, sleeves, conduit or other projections from the
exterior concrete surface.

All work for and in connection with the installation of the waterproofing membrane and the field
sealing of joints, shall be done in strict conformity with all applicable specifications, instructions,
and recommendations of the manufacturer. Personnel installing and sealing waterproofing
membrane shall be required to demonstrate to the satisfaction of the Engineer their ability to
perform these functions in accordance with these specifications.

The bottom membrane shall be protected by a concrete slab with a mix containing 1 part of
portland cement, 2 parts of sand and 2 parts of #4 aggregate, or similar proportions, adjusted to
produce a minimum ultimate strength of 2000 psi at 28 days. The concrete shall be poured to a
thickness of 3 inches and shall be screeded to grade and raked to a rough surface. The
purpose of this concrete pad is to prevent the puncture of the bottom waterproofing membrane
during construction before the pouring of the pump pit floor concrete.

5.2 Materials

5.2.1
The bulk and panel material shall be high-swelling Wyoming-type granular
bentonite, containing a minimum of 90 percent of montmorillonite and a maximum
of 10 percent of unaltered volcanic ash or other native sediments, in the form of
"Volclay" panels manufactured by American Colloid Company, delivered to site in
original unbroken packages bearing manufacturers label. Panels shall be stored at
site in a dry location, raised above ground and protected from physical damage and
moisture.



5.2.2
Bentonite material shall meet the following requirements:

5.2.2.1

Swelling of two grams of bentonite, when reduced to 100 per cent passing a 100
mesh screen, shall be a minimum of 25 cubic centimeters when gradually added to
a 100 ml graduate of distilled water. A minimum free swelling of 20 cubic
centimeters shall be created with water samples taken from soil borings.

5.2.2.2

Active ingredient: Hydrous silicate of alumina with approximate percentage of
chemical analysis:

Silica
Alumina
Iron Oxide
Magnesia
Soda and Potash Oxides
Calcium Oxide
Molecular Water
Minor

60.0
20.0
5.0
3.0
3.0
0.5
5.5
3.0

5.2.2.3

Board type panels shall contain bentonite material sealed between two layers of
absorbent material. Each panel shall contain a minimum of one pound of bentonite
per square foot evenly distributed, and shall be 48-inches square by minimum
3/16-inch thick.

5.2.2.4

"Hydro Bar" Bentonite tubes shall be water soluble polyvinyl alcohol containers filled
with dry granular bentonite. Tubes shall be approximately 2'-0" long x 2" diameter x
pounds weight.

5.2.2.5

Bentonite mineral-base jelly shall meet requirements of ASTM D 217 for a Worked



Penetration Range of 225 to 275 and shall contain 10 per cent of controlled
hydrated Wyoming-type high-swelling Bentonite by weight. Bentonite mineral-base
jelly shall have a minimum pH of 8.8, contain no free water, and have a maximum of
5 per cent residual swell.

5.3 Surface Preparation
The bottom of the excavation shall be accurately sloped to grade as shown on the drawings,
including the depression for the sump pump sump.

Excavation shall be completely dewatered and the entire area shall be covered with
polyethylene film .040 inches minimum thickness, lapped six inches at joints.

Concrete surfaces to receive bentonite waterproofing treatment shall be free from irregularities.
Remove loose and foreign material, and remove form tie rods. Point cracks and honeycombs in
concrete surfaces with cement mortar flush with adjacent concrete surfaces. Allow cement
mortar to dry for 72 hours minimum prior to application of bentonite panels.

5.4 Installation

5.4.1
Apply waterproofing in accordance with manufacturer's detailed instructions, lap
adjoining panels below structure 1-1/2" minimum on sides and ends. Do not install
panels during wet or damp weather.

5.4.2
Fold panels at wall base and bend around corners with corrugations extending
vertically. Attach panels with 3/4" masonry nails (6 per panel), joint seal or mastic.
Install flat panels at walls with corrugations running horizontal. Lap adjoining panel
edges and ends 1-1/2" as marked. Stagger vertical joints of succeeding courses.
When trimming, cut panels longitudinally with corrugations, to prevent loss of clay
granules. Lay tubes along and against base of first panel course at wall footing joint.
Abut edges of tubes. Cut panels to fit around pipes and penetrations. Keep panels
horizontal. Tape all cut edges, or wipe with wet sponge before handling to prevent
bentonite loss. Securely fasten panels over all construction joints and all expansion
joints. Thoroughly pack all through-wall openings and penetrations with bentonite
joint seal jelly or granular bentonite, or both, prior to the placement of bentonite
panels.



5.5 Backfilling
Provide protection to the bentonite panels during backfilling operations as recommended by the
manufacturer of bentonite materials. Do not puncture or damage panels during backfilling
operations. Minimum protection is fiberboard, 1/2" thickness over entire wall area. Backfill
against first panel as soon as possible. Protect panels from moisture with temporary plastic
sheets.

5.6 Responsibility
Waterproofed walls shall not develop leaks before final acceptance of the work. Remedy leaks
and all defective areas to produce a watertight installation.

5.7 Payment
All costs for waterproofing membrane and PVC underlay as described hereinabove shall be
included in the unit price bid for Item 5.

All costs for the concrete protecting slab over membrane as described hereinabove shall be
included in the unit price bid for Item 6.

Go to Section 6
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6.1 General
All portland cement concrete work for the pump station and other improvements adjacent to the
pump station shall conform to the applicable provisions of sections 201 and 303 of the
Standard Specifications, except as hereinafter specified.

6.2 Forms
Wherever reinforced concrete construction is exposed to view inside or outside of pump station,
the Contractor shall use metal, masonite, overlaid plywood forms, or a City-approved equal
form which will attain a smooth architectural finish. No walls shall be poured against the ground
but shall be formed on both sides. Grade beams, cantilevers and mattress under manifold may
be contact poured.

The Contractor shall submit for approval the type of forms he proposes to use in the
construction prior to starting the concrete construction.

6.3 Concrete
All concrete used in reinforced concrete construction for the pump station shall be 4000 p.s.i.
concrete, except for prestressed units which shall be 5000 p.s.i. concrete. The combined
aggregate grading for the pump plant shall be Grading C, except for the 2-1/2-inch minimum
thickness concrete topping which shall be Grading D.

6.4 Reinforcing Steel
Reinforcing steel, size #5 and larger, shall be deformed bars complying with ASTM A 615,
Grade 60. Bars #4 and smaller shall comply with ASTM A 615, Grade 40. Welded wire fabric
shall comply with ASTM A 185.



6.5 Surface Hardener
The entire pump room floor area shall be hardened by the application of a floor hardener. The
manner of application and the concentration shall be in accordance with the manufacturer's
printed instructions.

The hardening material shall be a factory-mixed solution of approximately 80 per cent
Magnesium Fluosilicate and 20 per cent Zinc Fluosilicate with a penetrating agent and water.
Material shall be brought to the site in unopened containers.

The Contractor shall submit manufacturer's certificate of materials compliance and application
directions for approval before starting application.

Two manufacturers of the hardener material are as follows:
Grace Manufacturing Co., " Hornolith"1.  

Sonneborn Building Products, "Lapidolith"2.  

Curing of the floor must be performed by a method that will not leave residue or compounds
that are not compatible with the hardener material and the concrete floor must be clean before
and during application.

6.6 Embedded Metal and Conduit
All metal surfaces to be embedded in concrete shall be clean and free from rust, scale, paints,
oil, or other foreign matter before concrete is placed.

Electrical conduit embedded in concrete shall be so located as not to reduce the strength of the
structure, and where the outside diameter of conduit is in excess of 30 percent of the thickness
of a concrete also, said conduit shall not be embedded therein. Under no circumstances shall
conduit be placed between the bottom of slabs and adjacent reinforcing provided therein.

Conduit embedded in a slab, running parallel to a beam or girder, shall not be placed closer
than one foot to the nearest face of the beam or girder. Parallel embedded conduit shall be
placed three inches clear (minimum) from adjacent conduit, and shall be spaced along a single
horizontal plane only. Not more than one conduit will be permitted to cross over another at any
one intersection.

Pipe or conduit which is not shown on the drawings will not be permitted in structural concrete,
except as approved by the Engineer.



6.7 Precast Prestressed Concrete Roof Units

6.7.1 General
The work included is the furnishing, delivery and erection of the precast prestressed
concrete roof slabs directly on teflon bearing pads.

Shop drawings with calculations shall be submitted to Engineer for approval,
showing setting plan, reinforcing and details, and including accurately located cored
or formed holes. Each slab shall be identified by a standard mark to be listed in the
schedule shown on the manufacturer's erection plan and placed legibly on each unit
at time of manufacture.

The units shall be slabs with round or oval voids running lengthwise as fabricated
by Spancrete of California, or City-approved equivalent.

Deck units are to be designed in accordance with ACI Standard Building Code
Requirements for Reinforced Concrete (ACI 318-63).

6.7.2 Material and Fabrication
All concrete materials shall be clean and properly graded and the resulting concrete
shall have a minimum compressive strength of 3500 psi at time of initial prestress
and 5000 psi at 28 days.

Prestressing steel shall be uncoated seven-wire, stress-relieved strand equivalent
of ASTM A 416, or shall be strand having physical properties as set forth in Section
304.3 of the Tentative Recommendations for Prestressed Concrete by ACI-ASCE
Joint Committee 323, 1958, shall have an actual ultimate tensile strength of not less
than 250,000 psi and shall have bonding properties that are equal or better than
that of a seven (round) wire strand of comparable area.

Portland cement shall be ASTM C 150, Type II, Low Alkali.

The manufacturer shall cure the slabs by the steam or other suitable methods to
secure 3500 psi minimum compressive strength at time of initial prestess and 5000
psi minimum at 28 days, as indicated by 6" x 12" compression cylinder tests (ASTM
C 39).

6.7.3 Erection and Installation
Installation of the precast units is to be made by leveling the roof slabs in a
workmanlike manner keeping the units tight and at right angles to the bearing walls.
A mortar pad approximating three-eighths of an inch in thickness shall be placed on



top of the masonry immediately prior to placing each unit.

Slabs shall be aligned and leveled by the method approved by the manufacturer
using equipment recommended or supplied by the manufacturer,

Slabs shall be grouted by a mixture of not less than one part cement to three parts
fine sand, care being taken to see that the joints are filled. Any grout that may have
seeped through to the ceiling below shall be removed before it hardens.

Cutting holes into the Deck Units in the field will not be permitted. All required
anchors, hangers, electrical outlets, conduits, and other fixtures shall be cast into
the units.

All work shall be neatly and fully finished and all surplus materials and rubbish shall
be removed from the premises.

6.8 Construction Joints
Construction joints in the pump station structure shall have keys as indicated on the drawings.

6.9 Non-Skid, Tread Treatment
Carborundum grits shall be applied on exposed concrete stairtreads and landings as
recommended by manufacturer.

6.10 Payment
All costs for poured-in-place concrete work as described hereinabove shall be included in the
unit prices bid for Items 10 through 20.

All costs for reinforcing steel bars and welded wire mesh shall be included in the unit prices bid
for Item 21.

All costs for precast prestressed concrete work as described hereinabove shall be included in
the unit price bid for Item 23.

Go to Section 7
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7.1 Scope of Work
Provide all labor, materials, and services necessary to complete the concrete masonry work
required by the drawings and as specified herein:

Adequate bracing, forming and shoring required in conjunction with and in the course of
constructing the concrete masonry.

1.  

Furnishing and placing of all reinforcing steel for concrete masonry.2.  

7.2 Materials
All masonry units shall be hollow load bearing units. Masonry units, mortar, grout, water and
other materials shall be as specified in Standard Specifications, Section 202-2, except as noted
on drawings and specified herein.

Hollow load bearing masonry units shall be Grade N-I, conforming to ASTM Designation C
90-70 and, in addition, to the requirements of the Quality Control Standards of the Concrete
Masonry Association. Units shall be closed end, split-faced, presenting a stone-like texture on
the exposed face and shall be Orco Block brown color. The Contractor shall submit color
samples of the units for approval, and shall insure that all units used for construction conform to
samples, and when laid up present a completely uniform texture and color. Returns forming
jambs shall be precision faced. Special sill or other units and any portions of precision faced
units visible on the exterior or interior of the building shall be factory stained to match the color
of the split-faced units.

Mortar shall be Type M in accordance with the Uniform Building Code, 1973 Edition, Table No.
24-A, and grout shall be f'c - 2000 psi minimum. Mortar shall be colored to match block, using
mineral pigments only.

Reinforcing steel, size #5 and larger, shall be deformed bars complying with ASTM A 615,
Grade 60. Bars #4 and smaller shall be ASTM A 615, Grade 40.



7.3 Workmanship
The concrete unit masonry shall be constructed in accordance with the requirements specified
in Standard Specifications, Section 303-4.1. Horizontal joints shall be pointed to present a
weather-tight surface. Masonry walls above eight feet high shall be braced during erection.

7.4 Clean Up
At the conclusion of the masonry work, the masonry contractor shall clean all masonry, remove
scaffolding and equipment used in the work, and remove all debris, refuse, and surplus
masonry material from the site.

7.5 Payment
All costs for concrete masonry work as described hereinabove shall be included in the unit
prices bid for Items 24 through 26 and 28, and the lump sum price bid for Item 27.

Go to Section 8
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8.1 General
The work of general construction specified herein is limited to metal studs, gypsum board and
plaster skim coat, cement plaster, sound attenuation material, rough and finish carpentry and
acoustic ceiling as required in the areas noted. All materials and workmanship shall be
first-class.

8.2 Metal Studs
Studs shall be of sizes or weights as shown on the drawings and shall be the product of
Western Metal Stud Company or City-approved equal. Bottom track and end studs shall be
securely attached to floor and concrete masonry with powder-actuated studs. All material shall
be accurately cut to length and properly framed and shall be welded at all intersections and
joints.

8.3 Gypsum Board and Plaster Skim Coat
Gypsum board shall be of thickness shown on the drawings and shall be "Gold Bond" as
manufactured by National Gypsum Company or City-approved equal, securely attached to
studs in accordance with provisions of Long Beach Municipal Code Section 8109. Corners shall
be protected by corner beads, joints shall be taped, and the entire surface inside and outside
shall be covered with a plastic skim coat, smooth finish.

8.4 Cement Plaster
Cement plaster dado shall be constructed over metal lath to 42 inch height above floor on
interior and exterior of toilet walls. Thickness of plaster, number of coats, and method of
application shall be in accordance with Long Beach Municipal Code, Section 8100. Surface
shall be trowelled to a smooth finish without blemishes.



8.5 Sound Attenuation
Sound attenuation blanket 1-1/2" thick with a minimum sound transmission loss rating of 38
decibels shall be applied to entire area of walls and ceiling as shown on the drawings. Batts
shall be as manufactured by Johns-Manville Company or City-approved equal.

8.6 Carpentry
Materials shall be Douglas Fir, No. 1 or better, Douglas Fir Plywood Grade CD and Redwood,
No. 1 or better. Fascia boards shall be in one piece on each face, neatly mitered at corner.

Plywood deck shall be cut to fit accurately to radius of concrete masonry and shall be butt
jointed without gaps.

Redwood brackets shall be accurately cut and grooved, and doors shall be accurately cut and
assembled with ledges and braces, allowing one-half inch gap between individual boards and
between door and jambs to allow for swell under service conditions. Jambs shall be planted on
interior of concrete forms prior to pour.

Bolts, nails and hardware shall all be galvanized and shall be of correct length to suit lumber.

8.7 Acoustic Ceiling
Acoustic ceiling shall be perforated fiber tile attached to underside of metal framing with clips,
adhesive or T-bar system. Tile shall be as manufactured by Armstrong or City-approved equal.

8.8 Payment
All costs for the work of general construction as described herein shall be included in the lump
sum bid for Item 33.

Go to Section 9
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9.1 General
Section 9 includes all of the miscellaneous ferrous and nonferrous metal work required for the
construction of the pump station including, but not limited to, the following items: step-irons,
stairways and landings, checker plates, welded grating, ladders, railings, exhaust piping
supports, trash rack, miscellaneous brackets and supports, concrete expansion anchors,
hoisting anchors, bridge crane beams, floor opening frames, pipe sleeves, flashing, metal
closure for radiator, and all bolts and other connections shown or required for complete
installation.

All ferrous metal work other than stainless steel (including fasteners) below the Engine Room
Floor which is not specified to be painted or coated shall be galvanized in accordance with
Standard Specifications paragraph 206-7. Unless otherwise specified, all metal work above the
Engine Room Floor shall be painted as specified in Section 25 of these specifications.

Some fasteners are specified to be stainless steel or other corrosion-resistant metals. See
Section 9.2.6. These are to remain uncoated.

9.2 Materials

9.2.1 Structural Steel
All structural steel shapes shall conform to ASTM Designation A 36, "Structural
Steel." Steel plates and bars shall also conform to ASTM Designation A 36.

9.2.2 Sheet Metal
All sheet metal such as building louvers and duct work shall conform to ASTM
Designation A 569, "Steel, Carbon (0,15 Maximum Per cent), Hot-Rolled Sheet and
Strip, Commercial Quality", galvanized per ASTM A 123.



9.2.3 Bolts, Nuts and Steel Washers
Materials for bolts, nuts and plain steel washers shall conform to ASTM Designation
A 325, " Carbon Steel Externally and Internally Threaded Standard Fasteners",
except as specified in Section 9.2.6 herein.

9.2.4 Washers
Plate washers shall be fabricated from structural steel plate ASTM A 36. Washers
for timber contact fastening shall be cast malleable iron.

9.2.5 Pipe
Pipe for use in hand railings, structural items and utility purposes shall be standard
steel pipe conforming to ASTM A 120, for "Black and Hot-Dipped Zinc Coated
(Galvanized) Welded and Seamless Steel Pipe for Ordinary Uses", or American
Water Works Association Specification C202, as applicable.

9.2.6 Corrosion Resistant Bolts and Nuts
Corrosion resistant bolts and nuts embedded in pump pit slab for attachment of
trash rack shall be fabricated from stainless steel alloys in the 300 series.

9.3 Workmanship

9.3.1 General
All fabrication and assembly methods used shall be in accordance with the latest
AISC Specifications unless otherwise noted or shown on the drawings.

Before laying out or working in any way, materials shall be thoroughly straightened
by methods that will not result in injury; however, sharp kinks or bends in members
will be cause for rejection. Finished members shall be free from kinks, bends or
winds. Shearing shall be accurately done, and all portions of the work neatly
finished. Re-entrant cuts shall be made in a workmanlike manner and, where they
cannot be made by shearing, a rectangular punch may be used. Re-entrant cuts
shall be filleted unless otherwise approved by the Engineer. Corners shall be
square and true unless otherwise shown on the drawings. All bends, except for
minor details, shall be made by approved dies or bending rolls. Where heating is
required, precautions shall be taken to avoid overheating the metal and it shall be



allowed to cool in such a manner as not to destroy the original properties of the
metal. Steel with welds will not be accepted, except where welding is definitely
specified or called for on the drawings. All bolts, nuts, and screws shall be tight.

Details on sheet metal work not explicitly shown or specified shall conform to the
latest trade standards.

9.3.2 Welding
All welding shall be done by the electric arc welding process using certified welders,
arc welding machines, and approved electrodes, conforming in all respects to the
standard specifications of the "American Welding Society" for applicable type work,
as specified in Section D2.0-69 of said code, titled "Arc and Gas Welding in Building
Construction".

9.3.3 Galvanizing
All metal fabricated items specified in these specifications or on the drawings to be
galvanized shall be galvanized in conformance with the requirements specified in
Standard Specifications Subsection 206-7. All galvanizing shall be performed after
fabrication.

Wherever galvanized metal items are welded, abraded, or cut in the field, all such
surfaces or welds shall be coated with "Galvicon" as manufactured by the Galvicon
Corp., Brooklyn, N.Y., or "Galvalloy" as manufactured by the Metalloy Products Co.
of Los Angeles, California, or a City-approved equal coating.

9.3.4 Bolted Connections
Bolt holes for fitted bolts shall be truly cylindrical throughout. Holes for unfinished
bolts, unless otherwise specified on the drawings, shall be drilled and shall not be
more than 1/16-inch larger than the nominal diameter of the bolts.

All high strength bolts shall be installed in accordance with section 5 of the current
Specification for Structural Joints using ASTM A325 or A490 Bolts, as endorsed by
the American Institute of Steel Construction. Tightening shall be in accordance with
paragraph 5e, "Tightening by use of a Direct Tension Indicator." Load Indicator
Washers (L.I.), as manufactured or licensed by Cooper & Turner, Inc., shall be used
as the approved direct tension indicator. The L.I. shall be sherardized and shall not
be modified in any way after receipt from the manufacturer.



9.4 Metal Work Items

9.4.1 Bar Grating
The Contractor shall furnish and install hot-dip galvanized welded steel bar grating
as indicated on the plans. Grating shall be capable of withstanding a uniformly
distributed live load of 100 psf or a concentrated live load of 172 psf and shall have
a minimum bearing bar size of 3/4" x 3/16" at 1-3/16" on center with cross bars at 4"
spacing maximum. Grating shall be securely bolted or welded into place. Steel shall
meet the criteria of ASTM A 36 specifications, Grating shall be Irving welded
rectangular design, Type IWA, as manufactured by IKG Industries, Division of
Harsco Corporation, or a City-approved equal.

9.4.2 Steel Grating Stairway Treads
The Contractor shall furnish and install welded, hot-dip galvanized steel grating
stairway treads as indicated on the plans. Treads shall be capable of withstanding a
uniformly distributed live load of 100 psf or a concentrated live load of 172 psf and
shall have a minimum bearing bar size of 3/4" x 3/16" at 1-3/16" on center with
cross bars at 4" spacing maximum. Treads shall have a cast abrasive nosing.
Treads shall be securely bolted in place. Steel shall meet the criteria of ASTM A 36
specifications. Stairway tread grating shall be Irving welded rectangular design,
Type IWA, as manufactured by IKG Industries, Division of Harsco Corporation, or a
City-approved equal.

9.4.3 Steel Trash Racks
The trash racks shall be fabricated of steel angles, beams and bar stock. The racks
shall be arranged in removable sections and shall be installed by use of bolted
fasteners as shown on the drawings.

The steel trash racks shall be galvanized after fabrication.

Bolts and nuts and other fasteners at base shall be stainless steel.

9.4.4 Pipe Sleeves
Pipe sleeves shall be provided for all pipes and conduits passing through floors and
walls of the pump station. The sleeves shall be cut from standard weight steel pipe,
galvanized after sizing to proper lengths.



9.4.5 Pipe Railing
Pipe used for hand railings shall be standard steel pipe conforming to ASTM A 120,
for " Black and Hot-Dipped Zinc Coated (Galvanized) Welded and Seamless Steel
Pipe for Ordinary Uses."

The pipe railings shall be two rail, vertical post type, with removable sections where
required.

Railing shall have flush joints coped or mitered to suit the angle of the work and
shall be welded solid. Welded joints shall be dressed smooth. The posts of the
railing shall be set in pipe sleeves. Pipe sleeves shall be lengths of standard weight
steel pipe, galvanized after cutting to length, cast in concrete.

9.4.6 Hoisting Anchors
Hoisting anchors shall be imbedded in the sump at locations indicated on the
drawings.

The hoisting anchors shall be round steel bars, shaped as shown on the drawings.
Bars shall be galvanized after fabrication. The anchors shall be fabricated from
ASTM Designation A 108, Grade 1040.

9.4.7 Concrete Expansion Anchors
Concrete expansion anchors shall be similar and equal to the Red Head self-drilling
anchors as manufactured by Phillips Drill Company, Los Angeles, or the Type 2
threaded ring wedge cinch anchor as manufactured by National Lead Company, or
a City-approved equal. Size shall be as indicated or required.

In general it will be required that the anchor system provide load capacity (pull out
strength) at least equal in strength to that of the concrete in which it is set.

9.4.8 Flashing and Downspouts
Roofing and wall openings shall be flashed with 24 gauge galvanized steel.

Downspouts and appurtenances shall be a minimum of 24 gauge galvanized steel.

9.4.9 Stairways and Landings
Steel stairways and landings shall be constructed of standard structural steel
shapes with welded grating landings and stair tread member sizes as indicated on
the drawings. Structural frames, landings and treads shall be galvanized after



fabrication.

9.4.10 Ladders
Ladders shall be fabricated from structural steel shapes and sections all as shown
and detailed on the drawings. Openings at heads of ladders shall be protected by
safety-chains with harness snaps. All ladders shall be galvanized after fabrication.

9.4.11 Crane Rails and Beams
The running rails and steelwork for the bridge crane shall be fabricated and installed
as shown on the drawings. Rubber bumper stops shall be provided as shown.

9.4.12 Floor Opening Frames
Floor opening frames shall be fabricated of angles and bar stock of the sizes and
weights as shown and detailed on the drawings. The frames shall be galvanized
after fabrication.

9.4.13 Miscellaneous Items
All miscellaneous metal items required and not specified or shown on the drawings
shall be furnished and installed. Where anchors, straps, clips, angles, dowels,
connections, metal weather-proofing items, or other details of miscellaneous metal
items are not definitely shown or specified, their materials, size, form, attachment
and location shall conform to the best trace practice. Details and specifications of
items for which standard manufactured products are available are representative
guides for the requirements of these items. Anchor bolts shall be properly located
and built into connecting work prior to pouring of concrete.

9.5 Engine Radiator Exhaust Metal Closure
The front of the engine radiator shall be attached to the louvered opening in the station wall by
means of a galvanized sheet metal closure. The metal closure shall be fabricated from sheet
metal of a gage thickness not less than 18.

All seams of the metal fabrication shall be riveted and soldered. Reinforcing ribs shall be
provided to insure a durable installation.

A flexible connection shall be prefabricated to extend from the radiator to the metal closure.
The flexible connection shall consist of three-inch wide 24 gage galvanized metal strips each



and a six-inch width of exposed fabric. The fabric shall be clenched to the metal strips by
means of double lock seams. The fabric in the connectors shall weigh not less than 24 ounces
per square yard, and shall be of a material that has good strength and durability. At least one
inch of slack shall be allowed in the fabric when installing the connectors to assure that no
vibration is transmitted from radiator to metal closure. The flexible connector shall be fastened
to the radiator duct adapter and to the metal closure by corrosion resistant metal screws.

9.6 Payment
All costs of items specified in this section shall be included in the unit prices bid for Items 29
through 31 and the lump sum bid for Item 36.

Go to Section 10
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10.1 Doors, Flush Panel, Metal
Doors D-1, D-2 and D-4 shall be 3'-0" by 7'-0" metal, flush panel, industrial steel doors, Type
3070, 1-3/4" thick, as manufactured by Armco, Soule, Republic or a City-approved equal.

10.1.1 Frames
Frames shall be a commercial steel product as manufactured by Manufacturing
Division of Republic Steel Corporation or equivalent, by Steelcraft Manufacturing
Company, or a City-approved equal, and compatible with flush panel door selected,
and as detailed.

10.1.2 Coating
All doors, windows, louvers and collateral steel items shall be bonderized and
primed with one coat of light gray (phenol resin) paint, oven baked for one hour at
350 degrees Fahrenheit. Final painting shall be as specified in Section 25.

10.1.3 Reinforcement
Hinge reinforcement shall be not less than 10 gage steel. All other hardware
reinforcement shall be of not less than 12 gage steel.

10.2 Doors, Sound Retardant
Doors D-5 and D-6 shall be sound retardant doors with a minimum sound transmission loss
rating of 38 decibels similar and equal to that as manufactured by Bob Lynch Company, 5146
West 104th Street, Inglewood, California, Krieger Company, or a City-approved equal. Doors
D-5 and D-6 shall be 2'-8" by 7'-0", flush panel, metal doors. The doors shall be furnished with a
utility grade finish suitable for painting and with all special stops, stop adjusters, gaskets, and
automatic threshold sealing devices. The door, metal frame, and seals shall be the product of



one manufacturer.

The doors shall be guaranteed against manufacturing defects and for performance for one
year, in accordance with the terms of manufacturer's guarantee. The Contractor shall submit a
certification from the manufacturer substantiating the sound transmission loss based on
Riverbank Acoustical Laboratories tests, run in accordance with ASTM E 90. Riverbank
Acoustical Laboratories is the official testing laboratory for the Acoustical Door Institute.

10.3 Door, Roll-Up, Metal
Roll-up door D-3 shall be a motor operated overhead rolling door. Motor operator shall be wall
mounted and operate from 208 volt, 1 phase power.

Roll-up door shall have a curtain of interlocking slats roll-formed in easy curves from
open-hearth galvanized steel. Slats shall be of section sufficiently large to resist a wind load of
twenty (20) pounds per square foot without possibility of displacement from side guides. Each
alternate slat shall be fitted with malleable endlocks three-eights (3/8) of an inch thick. Bottom
bar shall be two angles placed back-to-back, and shall be complete with slide bolt arranged for
padlocking on inside of door. In addition to motor drive, door shall be hand-chain operated from
inside with chain of sufficient length to reach to within six inches of finished floor.

Curtain shall be coiled on a pipe of size sufficient to carry the door load with a deflection not
exceeding one-quarter (1/4) inch, and shall be evenly balanced by helical springs contained in
the pipe, all springs being anchored to the same tension rod and held in position by the same
adjusting wheel, accessible from the outside.

Complete door shall be galvanized with high grade, pure zinc coating, not less than one and
one-quarter (1-1/4) ounces per square foot of flat metal in accordance with applicable ASTM
Standard. Galvanized surfaces shall be phosphate coated for paint adhesion. Finish painting of
door shall be in accordance with Section 25 of these specifications. A neoprene weatherstrip
shall be fitted to the bottom of the door.

Coil brackets shall be of high grade iron and coil shall be housed in sheet metal hood not less
than twenty-four (24) gauge thickness. Guides shall be hot-rolled structural steel sections.
Gears shall be best grade gray iron, cast teeth machine-molded from machine cut patterns.

10.4 Windows

10.4.1 Soundproof Windows (W-1 and W-2)
Soundproof windows shall be as shown on the drawings. Neoprene seals shall be
installed to insure an effective seal between stop and frame. Glass shall be set in a
bed of elastic glazing putty. All trim and framing members shall be primed before



installation. Glazing shall be 1/4-inch thick, Grade B sheet glass similar and equal to
that manufactured by the Libbey-Owens-Ford Glass Company, Toledo, Ohio, or
equivalent by Pittsburgh Plate Glass Company, or a City-approved equal.

10.4.2 Vision Panels
Vision panels (W-3 through W-6) shall be aluminum store-front frame with fixed
bronze glazing,

10.5 Hardware
Hardware for the various doors shall be as follows and shall be in addition to that furnished with
the doors.

10.5.1 Doors D-1 and D-2
Locks - "Yale" mortise, #33, heavy duty with knob cylinder and wide sectional
escutcheon, 3" x 8-1/4", as manufactured by Eaton Security Products and Systems,
or City-approved equal.

All locks shall be furnished complete with cores and two keys. Panic Hardware shall
be Yale Mortise Lock device 1533 series or City-approved equal to match lock
furnished.

Weatherstrip shall be installed at the bottom of outside doors.

10.5.2 Doors D-3, D-4 and D-5
Cylindrical lock, push button locking with outside emergency key, set number
5K0L3 as manufactured by Best Universal Lock Co., Lockwood "S" Series 120-SD
Bronze Privacy Lock as manufactured by Lockwood Hardware Manufacturing Co.,
or City-approved equal.

Butt-full mortise, bronze, similar and equal to 4-1/2-inch x 4-1/2-inch Model TA
3313-1/2, as manufactured by McKinney Hardware, Pittsburgh 33, Pennsylvania,
Model FBB 193 as manufactured by Stanley Hardware, New Britain, Connecticut, or
a City-approved equal, and furnished with one-half wood screws. Three (3) required
for each door.



10.6 Manually Operated Intake Louvers
The wall louvers shall be constructed of galvanized steel sheets. Frame and mullions shall be
16 gage. Louvers shall be of 16 gage.

Inside of louvers shall be covered with removable 1/2-inch mesh 16 gage galvanized insect
screens.

The louvers shall be hand chain operated with the catch claw mounted four feet above the floor
elevation.

Louvers shall be Series 200 as manufactured by Air Louvers, Ltd., Los Angeles, California, or
Series 136-7 as manufactured by Ventilouvre Company, Inc., Marietta, Ohio, equivalent by
Armco, or a City-approved equal.

10.7 Automatic Exhaust Louvers
Louvers shall be normally closed and shall be as equally resistant to vandalism as the manual
louvers described in Section 10.6. Provide hand chain and catch claw as these louvers shall
also be manually operable.

These louvers shall operate automatically when the engine starts by admitting engine lube oil
under pressure into hydraulic cylinder which opens spring loaded louvers against spring
pressure. When the engine shuts off, the spring shall return the louver to closed position.

The front of the engine radiators shall be attached to the louvered openings by means of metal
closures as described in Section 9.

10.8 Roof Scuttle
The Contractor shall provide a 2'-6" x 3'-0" roof scuttle for ladder access from inside the motor
room to the top of the roof. The metal roof scuttle cover shall be 14 gauge with 3" beaded
flange, neatly welded. Insulation shall be glass fiber 1" thickness, fully covered and protected
by a 22 gauge metal liner.

The curb shall be 12" in height and of 14 gauge steel. It shall be formed with a 3-1/2" flange
with holes provided for securing to the roof deck. The curb shall be equipped with an integral
metal capflashing of the same gauge and material as the curb, full welded at the corners for
absolute weather tightness. Insulation on the exterior of the curb shall be rigid fiber board 1" in
thickness.

The scuttle shall be completely assembled with heavy pintle hinges, compression spring
operators enclosed in telescopic tubes, positive snap latch with turn handles and padlock hasps
inside and outside, and neoprene draft seal. The cover shall be equipped with an automatic



hold-open arm complete with handle to permit easy, one hand release. All hardware shall be
galvanized, treated to bond with paint and primed with red oxide primer. The manufacturer shall
guarantee proper operation and against defects in material or workmanship for a period of five
years. The outside shall be painted with two coats of paint to match doors, window frames and
louvers per Section 25 of the Specifications. The scuttle shall be type No. S-20 as
manufactured by the Bilco Company or a City-approved equal.

10.9 Payment
The cost of all doors, windows, louvers, roof scuttle and related items as specified in this
section shall be included in the lump sum price bid for Item 32 .

Go to Section 11
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11.1 General
Furnish all labor, materials, services, and equipment required to install roofing work as
indicated on the drawings and as described herein, including, but not limited to the following:

Composition roofing over concrete roof slab.1.  

Composition flashing of all roof fixtures.2.  

Cant strips.3.  

11.2 Built-Up Roofing
Over all concrete topping roof areas, the Contractor shall apply a Johns-Manville specification
No. 601-P Gravel-Surface Asbestos built-up roof, or a City-approved equal roof. The roof
preparation, materials, and application specifications shall conform in all respects to the latest
edition of aforementioned manufacturer's specifications, or City-approved equal. Roofing shall
be applied by a roofing contractor approved by the manufacturer of the roofing materials.

11.3 Guarantee
The Contractor shall issue a written guarantee to the City which states that he will maintain the
roof flashing and counterflashings in a watertight condition for a period of two years after
acceptance by the City.

11.4 Cant Strips
Cant strips shall be asphalt impregnated cant fiber board.



11.5 Payment
The cost of all roofing as specified in this section shall be included in the unit price bid for Item
35.

Go to Section 12
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12.1 General
All utility service connections to the pump station shall be made as hereinafter specified. The
Contractor shall make all arrangements and pay all costs attendant to obtaining the services
unless otherwise excepted hereinbelow. The Contractor shall install the service lines to the
depths and lines and grades shown on the drawings or as otherwise specified or required. All
costs of materials, labor and equipment required for the utility services, as specified
hereinbelow, shall be included in the lump sum amount bid for applicable items of work.

12.2 Water Service and Meter
The Contractor shall notify the Long Beach Harbor Department at least 30 days in advance of
the date on which he requires the meter installed. The Long Beach Harbor Department will
make the connection to the water main, and will furnish and install the meter and enclosure.
However, the Contractor shall bear the cost of the service from main to meter, the meter and
enclosure, and shall also pay all charges required by the Harbor Department for the installation
thereof, as provided for under Subsection 1.8 herein.

The meter shall be 2-inch size.

12.3 Sewer Service
The Contractor shall construct the sewer line from the pump station to a point two feet outside
the building as shown on Sheet 24 of the drawings.

At this point, sewer shall be connected to the new four-inch sewer which is to be constructed by
others.



12.4 Electrical Service
The Contractor shall furnish all necessary materials, labor, and equipment required for the
installation of conduit for electrical service to the pump station from the relocated service pole,
as shown on Sheet 26. Installation of primary transformer and primary cable, and connections
to power and lighting service heads, will be by Southern California Edison Company.

The bidder will be informed of the extent and cost of the labor, equipment and materials that will
be furnished by the utility company and will be held responsible for determining what labor,
equipment and materials will have to be furnished by himself for complete services.

The bidder shall include in his bid price for Item 54, all costs required for furnishing and
installing complete in place the three-phase and single-phase services from the service pole to
the pump station; including therein all charges levied by the utility company.

The Contractor shall notify Southern California Edison Company immediately after award of
contract furnishing information as to the total lighting and power loads, and the estimated
schedule for completion of the project so they may schedule their work.

12.5 Gas Service Line and Meter
The Contractor shall notify the City of Long Beach Gas Department at least 30 days in advance
of the date on which he requires the meter and regulator set-up installed.

The gas service line, meter, and regulator set-up for the pump station will be furnished and
installed by the City of Long Beach Gas Department as shown on Sheet 22 of the drawings.
The Contractor will be required to furnish and install a fuel line to the natural gas engines as
specified in Section 14 and also as shown on Sheet 22. However, the Contractor shall bear the
cost of the service from the gas main to the meter and of the regulator set-up, and shall also
pay all charges required by the Gas Department for the installation thereof, as provided for
under Subsection 1.9 herein.

The bidder shall include in his bid price for Item 47, all costs required for furnishing and
installing complete in place the gas service from the Gas Department regulator set-up to the
pump station.

12.6 Telephone Service
The Contractor shall make all arrangements and shall coordinate with the General Telephone
Company to provide a telephone service to the pump station. The bidder shall be responsible
for determining the extent of the labor, equipment and material that will be furnished by the
Telephone Company and what labor, equipment and materials will have to be furnished by
himself for the service.



The bidder shall include in his bid price for Item 56, all costs required for furnishing and
installing complete in place the telephone service from the telephone company facilities to the
pump station, including all charges levied by the Telephone Company.

12.7 Drawings
During the contract period, the City will furnish upon request from the Contractor blue line prints
or reproducible copies of the original contract drawing sheets showing the utility services for the
Contractor's use in coordinating his work with the utility companies.

Go to Section 13
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13.1 Scope
The Contractor shall furnish all labor, materials and equipment to construct fencing and gates
complete in place. Some minor changes to existing fencing are required and are to be done in
accordance with standards specified hereinunder.

13.2 Materials

13.2.1 Fencing
Materials shall comply with the notes and details shown on Standard Drawing No.
2-D 178, Section 206-6 of the Standard Specifications for Public Works
Construction and the modifications shown on the project drawings. Fencing
installed shall be 6 feet high as shown on the drawings.

13.2.2 Gates
The Contractor shall furnish and install two 6-foot high by 14-foot wide sliding gates
at the locations shown on Drawing Sheet 3. The gates shall comply with all details
per Standard Drawing No. 2-D 178, Section 206-6 of the Standard Specifications for
Public Works Construction and the modifications shown on the project drawings.

13.2.3 Guard Posts
The Contractor shall furnish and install protective guard posts adjacent to the
entrance door and the LPG tank as shown on the drawings. Posts shall be steel
pipe of size and weight as filled with and embedded in concrete as shown on the
drawings.



13.3 Installation
Install fence, gates and guard posts as specified in Section 304-3 of the Standard
Specifications for Public Works Construction and in accordance with the drawings.

13.4 Payment
The cost of all fencing and gates shall be included in the lump sum price bid for Item 58 and the
cost of all guard posts in the lump sum price bid for Item 59.

Go to Section 14
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14.1 General
All miscellaneous plumbing work required for the pump station building, mechanical equipment,
fixtures, hose bibbs, and utilities within the buildings shall be furnished and installed by the
Contractor. Liquefied petroleum gas (LPG) storage and connection to engines shall also be
included.

Miscellaneous plumbing work shall include all water and sewer piping, including waste and vent
lines, valves, plumbing fixtures, hose bibbs and risers, and all connection to utility services.
Connection to sewer will be required under this contract if new sewer being constructed as
collateral work is completed prior to completion of pump station.

14.2 Water Piping and Fittings

14.2.1 Water Piping
Water piping downstream of the meter shall be constructed on the alignments
shown on the drawings.

Water piping outside the building and in the engine room shall be galvanized pipe
Schedule 40 with threaded couplings. Piping inside the building shall be Schedule
40 copper pipe, with threaded coupling ends, 85 per cent brass or Type L copper
tubing.

PVC pipe Schedule 80 with solvent weld fittings shall be used where shown.

14.2.2 Fittings
Fittings for the copper pipe shall be wrought or cast type, screw ends equal in
strength to the copper pipe. If Type L copper is used, wrought copper fittings or cast
bronze, solder sweet type fittings shall be used.



14.2.3 Backflow Preventers
The industrial water backflow preventer shall be a 2" reduced pressure principle
device, with two independently acting toggle lever check valves and a pressure
differential relief valve. It shall have no more than 6.5 psi drop across the checks at
80 gpm flow, and no more than 11 psi drop at 200 gpm. The backflow preventer
shall be a Clayton Model RP-1 or City-approved equal.

The domestic water backflow preventer shall be a 3/4" reduced pressure principle
device, with two independently acting spring-loaded check valves and a pressure
differential relief valve. It shall have no more than 12 psi drop across the checks at
10 gpm flow and no more than 17 psi drop at 40 gpm. The backflow preventer shall
be a Clayton Model RP or City-approved equal.

Gate valves shall be installed on the upstream and downstream ends of the
backflow preventers and shall be non-rising stem, screwed, 125 ANSI, Crane No.
438, equivalent by Walworth, or a City-approved equal.

14.3 Sanitary Sewer Stub-out

14.3.1 Soil, Waste, and Vent Piping
Soil, waste, and vent piping below floors and to two (2) feet outside of structure, as
indicated on drawings, shall be coated service weight cast iron soil pipe and fittings,
lead caulked, furnished in compliance with Commercial Standard 188.

Soil, waste and vent piping above floors shall be Schedule 40 weight, galvanized
steel pipe, ASTM A 120, with cast iron drainage pattern fittings, CS-188, except that
main building vent may be cast iron as in above paragraph.

Vent stack flashing sleeve for two-inch vent pipe, similar and equal to Figure 1721
Smith, or Z-195-5 Zurn, or a City-approved equal, shall be provided and installed in
roof of the pump station. Vent stack flashing sleeve shall be watertight and secured
to roof with underdeck clamp.

14.4 Valves



14.4.1 Gate Valves
Gate valves shall be 125 pound class, all bronze, wedge disc, Crane No. 438,
Walworth No. 4, or a City-approved equal.

14.4.2 Globe Valves
Globe valves shall be 125 pound class, all bronze, swivel disc, Crane No. 1,
Walworth No. 58, or a City-approved equal.

14.4.3 Hose Bibb
3/4-inch hose bibbs shall be Crane No. 58, bronze without cap or chain, or
Walworth No. 24, or a City-approved equal.

14.4.4 Check Valve
Check valve shall be 125 pound class, bronze disc, swing check valve, Crane No.
34, Lunkenheimer No. 2144, or a City-approved equal.

14.5 Plumbing Fixtures

14.5.1 Water Closet
Water closet shall be Crane Santon 3-300 with Crane 10 CC black solid plastic
open front seat with check hinge and 110 Sloan Royal flush valve, an equivalent
water closet by American Standard, or a City-approved equal.

14.5.2 Lavatory
Lavatory shall be provided and installed at the pump station and shall be
acid-resistant vitreous china wall hung lavatory, Crane Company Norwich 1-195
modified for cold water, with concealed wall carrier; 8-2201 Capri self-closing
lavatory faucet; 8-5222 1-1/4" tailpiece; 8-5022 3/8 angle supply valve; L.A. Pattern
"P" trap with wall flange, or equivalent lavatory by American Standard, or a
City-approved equal.



14.5.3 Toilet Paper Dispenser
One toilet paper dispenser shall be furnished and installed. The dispenser shall be
a single roll Model No. 964, as manufactured by Scott Paper Company, Model
B-273 by Bobrick Dispensors, Inc., or a City-approved equal.

14.5.4 Towel Holder
One towel holder shall be furnished and installed. The towel holder shall be "Public
Service" No. 101, as manufactured by Crown Zellerbach Company, Model No. 983
by Scott Paper Company, or a City-approved equal.

14.6 Pipe Hangers and Supports
The Contractor shall furnish all brackets, hangers and supports or other approved devices for
all piping to be supported from the pump station structures.

Items shall be as manufactured by Carpenter and Patterson, Inc., Grinnell, or a City-approved
equal.

14.7 Water Hammer Arrestors
Water hammer arrestors shall be furnished and installed on all branch water lines to fixtures
and to locations in the pipe system near the solenoid valves.

The water hammer arrestors shall be "Hydrotrol", as manufactured by Jay R. Smith Mfg. Co.,
Shoktrol by Zurn Industries, Inc., or a City-approved equal.

14.8 Natural Gas Fuel System

14.8.1 General
The natural gas delivery pressure from Long Beach Gas Department is variable, but
2 to 5 psi is the range. This pressure shall be reduced to the value required by the
carburetor. The Contractor shall furnish and install all necessary piping,
components and accessories to insure reliable natural gas service at correct
pressure and volume recommended by engine manufacturer.



14.8.2 Regulation
Regulation shall be accomplished in two stages. A primary regulator shall reduce
delivery pressure (2 to 5 psi) to 10" to 15" of water column and shall be located
outside of the engine room as shown on the drawings. A secondary regulator at
each engine shall reduce the 10" to 15" of water column pressure supplied by the
primary regulator to the 4" to 10" water column required by the engine carburetor. A
commercial dry type gas filter shall be installed immediately upstream of the primary
regulator.

14.8.3 Shut Off and Bypass Valves.
A manually operated shut-off valve cutting gas supply to all engines shall be located
outside the engine room.

14.8.4 Piping
Pipe shall be schedule 40 black steel conforming to ASTM A 53 with black
malleable iron screwed fittings between meter assembly and engine. Underground
pipe shall be primed and wrapped in accordance with Section 25. Piping above the
Pump Room floor shall be painted in accordance with Section 25.

The use of metallic flexible connectors to the engine is required for protection
against damage caused by vibrations and expansion.

14.9 Liquefied Petroleum Gas (LPG) Fuel System

14.9.1 General
The Contractor shall furnish the LPG tank, fittings and piping and install the system
in accordance with Unfired Pressure Vessel Safety Orders. The installation shall
also comply with the City of Long Beach Fire Department regulations.

The Contractor shall obtain operating permits for the LPG installation from the State
of California Division of Industrial Safety and the City of Long Beach Fire
Department. The Contractor shall perform the test specified in Section 14.9.5 in the
presence of the State and City inspectors before operating permits will be issued.
After operating permits have been obtained, the Contractor shall fill the LPG tank.
The Contractor shall pay all costs for obtaining permits and for filling the LPG tank.



14.9.2 LPG Tank
LPG Tank shall be 499 gallon water capacity, 250 PSI design pressure constructed
in accordance with the A.S.M.E. Code for Unfired Pressure Vessels and complete
with required tank fittings. All materials, fittings construction and installation shall
conform to the requirements of the State Division of Industrial Safety and the City of
Long Beach Fire Department. The tank shall be radiographed in accordance with
paragraph UW-52-Section VIII, A.S.M.E. Code for Unfired Pressure Vessels. The
tank shall have lifting lugs and support feet or pedestals to anchor the tank to the
slab. The tank exterior shall be primed with an epoxy primer (2 mil thickness) and
given a coat of epoxy coating (15 mil thickness) as specified in Section 25. Shop
drawings of the tank shall be submitted as specified in Section 2. Tank fittings shall
be suitable for LPG service, 250 pound rated working pressure and shall not be of
cast iron materials. The tank shall have the word "FLAMMABLE" and the words
"NO SMOKING OR OPEN FLAME PERMITTED WITHIN 25 FEET" painted on two
sides in letters 5 inches in height.

14.9.2.1 Filling Level Indicator

Filling level indicator shall be a manually operated orifice set at the 13-1/2 percent
outage line in the tank wall.

14.9.2.2 Vapor Equalizing Valve

Install to open to the tank vapor space above the liquid level.

14.9.2.3 Filler Valve

Filler valve shall open to the tank vapor space and shall be a double back pressure
check valve or combination back-pressure check valve and excess flow check
valve.

14.9.2.4 Safety Valve

Safety valve shall be a spring loaded valve communicating directly with the vapor
space, discharging vertically upward with the discharge terminal protected from the
entry of all foreign material with a loose raincap. Return pipe bends or restrictive
fittings will not be permitted.

14.9.2.5 Liquid Level Gauge

Liquid level gauge shall be direct reading magnetic fuel gauge.



14.9.2.6 Liquid Fuel Supply Valve

Liquid fuel supply valve shall permit withdrawal of liquid fuel and be connected to
the fuel delivery line. Valve assembly shall be complete with an excess flow valve
which shuts off automatically in the event of delivery line breakage or excessive
flow through the vapor equalizing valve. The excess flow valve shall open
automatically when the discharge line pressure is restored to normal or the vapor
equalizing valve is shut off.

14.9.2.7 Locking Cover

Locking cover with a hasp for padlock shall be provided over all the tank fittings.

14.9.3 Emergency Shutdown Valve
Emergency shutoff valve shall be 250 pound, flanged, steel body shutoff valve with
integral relief valve, U.L. approved for use with L.P.G. in the liquid or vapor phase.

14.9.4 Piping
Piping between tank and engine shall be schedule 80 black steel pipe complying
with ASTM A 53, of the type and grade suitable for flanging and welding. Piping
from tank to engine shall be socket welded with the exception of flanged
connections inside building for convenience in assembly, and short sections of
metallic flexible hoses and connectors at the engine equipment.

All pipe fittings shall be steel socket weld type 3000 pounds W.O.G. Flanges shall
be 150 pound ANSI steel socket welding flanges.

Hoses and metallic flexible connectors shall be approved for LPG service. Piping
shall be installed, inspected and tested to comply with the safety regulations of the
Los Angeles County Fire Department and the State Division of Industrial Safety.

Underground piping shall be tape-wrapped as specified in Section 25.

14.9.5 Tests
After installation of LPG tank and piping, the Contractor shall test the piping in the
presence of the Fire Department inspector and the Division of Industrial Safety
inspector. Piping shall be tested at 125 psi with no leaks allowed. After satisfactory
completion of pressure tests, the LPG piping shall be backfilled.



14.10 Solenoid Valves

14.10.1 Agitator Piping Solenoid Valve
A 1-1/2-inch solenoid valve shall be furnished and installed on the water line to the
sump pump agitator system. The solenoid shall be all brass 125 pounds screwed
type with positive opening and closing action, and with 120 volts AC, single phase
molded Class A coil. Solenoid valve shall be Asco Catalog No. 8210 C22, or
equivalent as manufactured by Gould, or a City-approved equal.

14.10.2 Right Angle Gear Water Piping Solenoid Valve
The 24 Volts, D.C., 3/4-inch solenoid valve for gear oil cooler waterline shall be
Catalog No. 8210 D 3 as manufactured by ASCO, equivalent by Gould or
City-approved equal.

14.11 Lube Oil System
Storage tanks shall be fabricated from steel plate conforming to ASTM A 36 or A 283. Piping
shall be galvanized steel, Schedule 40, with threaded connections.

14.12 Payment
The cost of all piping, fittings, valves, plumbing and sanitary fixtures specified in this section
shall be included in the lump sum price bid for Item 49.

The cost of all tanks and piping for lube oil storage and drain shall be included in the lump sum
price bid for Item 52.

The cost of dual fuel supply system as specified in this section shall be included in the lump
sum price bid for Item 47.

Go to Section 15



Section 15 : FHWA-IP-82-17
Pumps
Volume II

Go to Section 16

15.1 Main Pumps

15.1.1 General
The Contractor shall furnish and install in the pump station at the locations indicated
on the drawings four (4) main pumps and their separate drives, consisting of one (1)
electric motor, three (3) natural gas engines with right angle gear drives and
appurtenances.

The pumps shall be of the single stage vertical submerged mixed flow type, and
shall be constructed so as to be suspended from a heavy steel base plate. All
pumps shall be underground discharge, that is, with elbow below the steel base
plate. The pumping element is to be suspended below the necessary length of
discharge column and elbow. Each pump shall have a suction umbrella securely
bolted to the underside of the bell. The pump assembly shall be so constructed that
dismantling and repairing may be accomplished without difficulty. The design and
workmanship on the component parts of the pumps and columns shall be such that
they are completely interchangeable with like parts in other pumps to insure
maximum potential usage of any single repair part. Each complete unit shall
operate free of excessive vibration and noise and shall operate over the specified
range without cavitating or vortexing with noise and vibration limits as set forth by
the "Hydraulic Institute. "

All pumps shall be the products of a single manufacturer.

The pumps shall be subjected to the Operational Tests after installation in Pumping
Plant according to Section 2.

The pumps and related auxiliaries shall be guaranteed as specified in Section 2.



15.1.2 Pump Data
Pump No. 1 shall be a single stage pump with a capacity of 12,118 gallons per
minute at a laboratory or bowl assembly total dynamic head of 24.5 feet, and shall
operate satisfactorily between laboratory or bowl assembly total dynamic heads of
14 feet and 26.5 feet.

Pumps Nos. 2, 3 and 4 shall be single stage pumps with a capacity of 23,038
gallons per minute at a laboratory or bowl assembly total dynamic head of 24.5 feet,
and shall operate satisfactorily between laboratory or bowl assembly total dynamic
heads of 14.0 feet and 26.5 feet.

See Sheet 21 of the drawings for required minimum efficiencies of all main pumps
at design points, and at maximum and minimum total dynamic heads. Shut-off
heads and horse-powers shall not exceed values shown.

15.1.3 Pump Manufacturing Requirements

15.1.3.1 General

All Pumps shall conform to the following specifications. The materials specified are
a guide to the minimum quality required in the pumps. The Contractor is referred to
Section 2 concerning substitutions of materials.

15.1.3.2 Bowl Assembly

The bowl assembly shall consist basically of a suction bowl, discharge bowl,
impeller, pump shaft, pump shaft bearings, and necessary parts to secure the
impeller to the shaft. Heavy duty lifting lugs shall be provided on the bowl assembly.

15.1.3.2.1 Suction and Discharge Bowls

The suction and discharge bowls shall be made from close grain "Meehanite" cast
iron, or Class 30 cast iron conforming with ASTM Designation A 48. The bowls shall
be cast with smooth interior and exterior surfaces. The bowls shall be separate
units, provided with heavy flanges accurately faced and drilled for connection to
each other and to the discharge column.

The suction bowl shall be designed to permit proper distribution of the liquid to the
impeller and shall have a bell shape designed to reduce entrance losses. Maximum
34-inch bell diameter is permissible for Pump No. 1 and 48-inch for Pumps Nos. 2,
3 and 4. Larger bells cannot be installed through the floor openings. The bell
diameters shall be increased by the use of suction umbrellas as described in



Section 15.1.3.2 2.

All bowls must be so designed that they will withstand not less than twice the
maximum operating pressure of the pump, when operating at the specified speed.
In no case shall the wall thickness of the bowls be less than that of the column.

Diffuser vanes shall be integrally cast into the bowls above and below the impellers.
The number of vanes shall be sufficient to support the lower guide bearings as well
as to sustain the weight of impellers and pump shaft when dismantling the pump.

15.1.3.2.2 Suction Umbrellas

Suction umbrellas in two (or four) sections shall be fastened on to the suction bowl
with threaded fasteners such that they can easily be installed or removed. The
plates shall be of adequate thickness with gussets and ribs as required to make
them stiff and rugged members capable of withstanding all the forces caused by the
turbulence of pumping operations. The vortex plates shall be fabricated from ASTM
A 283 steel and shall have outside diameter of 48 inches for Pump No. 1 and
outside diameters of 72 inches for Pumps Nos. 2, 3 and 4.

15.1.3.2.3 Impellers

Whenever the term impeller is used in these pump specifications, it shall also mean
propeller, whichever is applicable.

The impellers shall be cast in one piece from high grade bronze, ASTM B 143, Alloy
923, and finished all over to a smooth surface, correct in shape and contour. The
impellers shall be firmly secured to the shaft by means of a key and thrust collar.
Collars and keys shall be stainless steel ASTM A 276, of the type most suited for
this purpose.

The thrust collars shall be the split type allowing the impellers to be removed from
the bottom of the pump. The thrust collar retainer shall be bronze ASTM B 143,
Alloy 923. The impellers shall be balanced statically and dynamically to minimize
vibration and wear. The top of impeller hub shall be equipped with a special seal
ring to prevent rope, rags and other fibrous debris from wrapping around shaft
above the impeller. Seal ring shall be made of high grade bronze, ASTM B 143,
Alloy 923.

15.1.3.2.4 Pump Shaft

The pump shaft shall be considered that section of shafting which supports the
impellers in the bowl assembly and extends to a point immediately above the
discharge bowl bearing and connects to the line shafting. The shaft dimensions
shall be of ample size to transmit maximum driver horsepower and shall operate



without vibration or distortion. The pump shaft shall be accurately turned, ground
and polished precision shafting of stainless steel, ASTM A 276, Type No. 410,
annealed, or a City-approved equal stainless steel alloy.

15.1.3.2.5 Pump Bearings

The pump shall have bronze bearings immediately above and below the impeller.
The lower-most bearings shall be protected by a sand collar covering the locking
collar, preventing sand or grit from entering.

The suction bowl bearing shall be packed with waterproof grease.

A shaft seal shall be provided immediately above the impeller. Bypass ports to drain
excess oil from the shaft enclosing tube shall be provided above the seal.

The bearings shall be cast from ASTM B 144, Alloy No. 937, or a City-approved
equal alloy. The sand collar shall be bronze ASTM B 143, Alloy 923.

15.1.3.3 Discharge Column Assembly

The discharge column assembly shall consist of the elbow, necessary section of
column, base plate, drive support, flanges, shaft enclosing tube, enclosing tube
adapter, line shafting, line shaft couplings, line shaft bearings, and enclosing tube
tension device.

15.1.3.3.1 Column and Elbow

The column shall be designed for suspension from the pump base plate, and the
elbow shall be below the base plate. The column base plate and elbow shall be so
proportioned as to safely support the bowl assembly and withstand the hydraulic
pressure, dynamic forces, thrust, and any other load that it may be subjected to
during transportation, erection or operation, including lateral bracing as required.
The outside diameter of the column and discharge elbow shall be not less than
twenty-four inches for Pump No. 1, and not less than thirty-six inches for Pumps
Nos. 2, 3 and 4.

If more than one section of column is used to connect the bowl assembly to the
discharge elbow, the diameter of any intermediate section shall be the same as the
diameter of the discharge end of the elbow. Connections shall be 125-lb. flanged.
The lowest section of column or the lower end of elbow (if it is connected directly to
the discharge bowl) may be tapered to make proper connection to the discharge
bowl. The section of column connecting the discharge elbow to the base plate may
not be less than one nominal size smaller in diameter than the diameter of the
elbow at the discharge end. The thickness of the material used in that portion of the
column above the elbow shall be equal in thickness to the material used for the



elbow.

The elbow and column shall be fabricated from standard weight pipe per ASTM A
120 or from ASTM A 283 steel of a thickness no less than one-quarter (1/4) inch.
After fabrication, including attachment of flanges and the completion of all welding,
each assembly shall be heated and stress relieved. After stress relieving, the
columns and elbows shall be machined between centers for perfect alignment and
concentricity.

The elbow and each of the column pipes shall be provided with lifting lugs or lifting
eyes to facilitate the handling of these parts during installation. Thrust restraining
brackets shall also be welded to upper portions of columns.

The pump discharge elbows shall be short elbows with at least three mitered
intermediate sections, and shall have standard steel ring flanges, Class D,
complying with AWWA Standard C207-55 electrically welded to the elbows. The
flanged ends shall be suitably finished for attachment to the check valves to be
furnished.

There shall be no guide or diffusion vanes except in the pump bowl.

The pump column sections shall not be fabricated in lengths exceeding ten feet.
Total lengths shall be computed from elevations shown on the drawings.

The supporting column and elbow shall be coated inside and outside with the
coating material specified in the paint section, Section 25.

15.1.3.3.2 Base Plate and Drive Support

The base plate shall be fabricated from ASTM A 283 steel plate, Grade D, of the
thickness shown on the drawings. Each base plate shall be set in recesses in the
concrete floor slab with the top of plate set flush with finish floor and with continuous
even beefing to concrete supporting surface, and shall allow for above base
servicing of the oil tube connection. Base plates shall be drilled to accommodate
hold-down bolts.

The right angle gear pump drive and electric motor drive shall be mounted on heavy
fabricated steel pedestals. These shall be designed and fabricated by the
Contractor or pump manufacturer so as to conform to the following requirements.

Fabricate using heavy steel plates, top, bottom, and vertical, with
reinforcing members and ribs as required by the equipment loads.
Heavy steel castings of equal strength will be acceptable.

.  

Provide two (2) access holes at least 9" wide by 12" long, located
at front and back.

b.  

Purpose of pedestal is to provide access to the pump head shaft
coupling and enclosing tube tension device.

c.  

Details of the pedestal to be fabricated and furnished shall bed.  



submitted for City approval with shop drawings, see Section 2.
Pedestal shall be integrally welded to base plate. A short section
of pump column shall be welded to bottom of base plate and shall
be provided with a flange for connection to pump extension above
discharge elbow.

e.  

The pedestal shall be fitted with lifting lugs of sufficient strength to
support the weight of the complete pumping unit.

f.  

Provide stainless steel heavy gage screen over each opening, and
fasten with stainless steel screws.

g.  

15.1.3.3.3 Shaft Enclosing Tubes

The shaft enclosing tubes shall be designed to support the line shaft bearings and
prevent leakage of the fluid flowing into the shaft assembly. The tube may be
threaded internally to receive a combination tube coupling and line shaft bearing.
The shaft enclosing tubes shall be extra strong steel pipe ASTM Designation A 120,
or steel tubing, of commensurate strength. The tube shall be fabricated in lengths
not over five feet. The shaft enclosing tube may connect directly to the bowl
assembly or may be connected by means of an adapter or diffuser cone. The
enclosing tube adapter, or diffuser cone, shall be fabricated from steel castings or
steel plate.

15.1.3.3.4 Line Shafting

Line shafting shall be precision turned, ground, and polished from AISI, C1045
steel, ASTM A 108. The shaft shall be furnished in lengths not exceeding 10 feet.
The shaft shall be tested for straightness to .005-inch accuracy (total indicator
reading for a 10-foot long section). The shaft diameter shall be such that no
excessive deflection or whip will occur and shall be designed to transmit the
maximum torque required to operate the pumps. Calculations shall be submitted
with shop drawings substantiating the selection of the shaft size and couplings.

15.1.3.3.5 Line Shaft Couplings

Line shaft couplings shall be AISI, C1045 steel, ASTM A 108. The couplings shall
be of the threaded type designed to transmit the full load torque required to operate
the pump, and shall be equal to the shaft strength. They shall be designed also to
maintain alignment between adjacent sections of shafting, and shall be
interchangeable so match marking is not necessary on installation or subsequent
disassembly.

15.1.3.3.6 Line Shaft Bearings



All line shaft bearings shall be bronze ASTM B 145, Alloy 836, of the removable
type so they can be readily replaced in the field. They shall be grooved to allow oil
to pass from one bearing to the next in the line shaft assembly to insure adequate
lubrication for each line bearing. The bearing spacing shall be such that the shaft
operates at not more than 80 percent of the first critical speed. (Bearing spacing of
more than five feet will not be permitted.) The bearings shall be of sufficient length
to insure permanent shaft alignment and prevent shaft whip and vibration.

15.1.3.3.7 Enclosing Tube Tension Device

Means shall be provided at pump base plates for tension loading of the enclosing
tube. If special wrenches or tools are required for subsequent adjustment or
manipulation of this connection they shall be furnished by the Contractor.

15.1.3.4 Lubrication

Each pump shall be equipped with a solenoid valve operated lubrication system
which shall supply lubricant to the line shaft bearings. The solenoid valve operated
oilers shall have metal oil reservoirs with a capacity of not less than one gallon.
Each system shall be equipped with a main sight feed valve, solenoid valve and
bypass sight feed valve. Solenoid valve for engine driven pumps shall be a one-half
inch, 24 volts D.C. valve, ASCO Catalog No. 8210 D 2 or a City-approved equal.
Solenoid valve for electric motor driven pump shall be one-half inch, 480 volts A.C.
valve, ASCO Catalog No. 8210 D 2 or a City-approved equal.

15.1.3.5 Dynamic and Static Balance

All moving parts shall be statically and dynamically balanced.

15.1.3.6 Bolting

All bolts necessary to assemble pump, and column shall be stainless steel ASTM A
320, Austentic, grade B8, or City-approved equal.

15.1.4 Shop Drawings
The Contractor shall submit detail drawings of the pump and pump assembly,
including base pedestal for drive gear mounting, as specified in Section 2. However,
in addition, after City review of shop drawings, the Contractor shall furnish one set
of reproducible tracings or "sepias", all marked "As-Built."

The Contractor shall include the following data on the shop drawings: Total pump
assembly weight, including pedestal; pump thrust; thrust factor; and impeller pitch;



shaft diameter; impeller weight and material designation.

15.1.5 Painting
Pump shall be painted as specified in Section 25.

1 5.1.6 Installation
Reference is made to Section 3, concerning responsibility for installation of pumps.

1.5.1.7 Data for Torsional Analysis
The Contractor must obtain from the pump manufacturer the necessary mass
elastic data such as moments of inertia and stiffness factors on all rotative parts of
pumps to make a torsional analysis of complete system of pump, right angle gear,
drive shaft assembly, and gas engine. Pumps shall not be shipped to job site until
torsional analysis has been reviewed by City; therefore, expeditious submittal of
mass elastic data is required in order to facilitate the Contractor's torsional analysis
as specified in Section 18.

15.1.8 Operation and Maintenance Manuals
Eight complete sets of operating and maintenance instructions and eight sets of
parts list shall be furnished as specified in Section 2,

15.2 Sump Pump

15.2.1 General
The Contractor shall furnish and install at the location indicated on the drawings one
sump pump, including submersible electric motor drive and appurtenances. The
pump shall be Wemco Model 4S3 or a City-approved equal.

The pump will encounter mainly storm drain water with sand in suspension, but will
be required to pass varying amounts of trash, including rocks, fibrous materials and
other solids, without fracturing impeller or clogging the pump.

The pump shall be of the vertical, non-clogging, vortex or delta type for submersion
in a "wet" pit, and shall be constructed so as to stand on its own legs with discharge



vertically through a flexible hose.

The pump shall be so constructed that dismantling and repairing may be
accomplished without difficulty. The design and workmanship on the component
parts of the pump shall be such that they are completely interchangeable with like
parts in other pumps to insure maximum potential usage of any single repair part.
The complete unit shall operate free of excessive vibration and noise and shall
operate over the specified range without cavitating.

Pump and motor shall be equipped with lifting harness to facilitate handling during
installation and maintenance. Harness shall consist of 1/4" neoprene coated
stainless steel cable of minimum 6,300 pounds tensile strength, looped through
motor lifting lugs and secured to eyebolt in pump room floor slab.

15.2.2 Pump Data
Sump pump shall have a capacity of 600 gallons per minute at a total dynamic head
of 27.0 feet operating at a speed of 1735 RPM and shall operate satisfactorily
between total heads of 19 feet and 30 feet without exceeding the rated 15
horsepower of the drive.

The shutoff head on pump shall be at least 20 percent higher than the maximum
operating head required by the system. The pump shall have a maximum speed of
not over seventeen hundred and fifty (1750) revolutions per minute. Pump impeller
shall not overload the motor when operating at any point on its curve. Suction and
discharge size shall be not less than 4 inches. The pump shall be directly mounted
on a vertical solid shaft submersible type electric motor as specified in Section 16.

15.2.3 Pump Manufacturing Requirements

15.2.3.1 General

Sump pump shall conform to the following specifications, The materials specified
are a guide to the minimum quality required in the pumps. The Contractor is
referred to Section 2 concerning substitutions of materials.

15.2.3.2 Pump Assembly

The pump assembly shall consist basically of a pump casing with integral legs,
backplate, impeller and necessary parts to secure the impeller to the shaft of the
electric motor.



15.2.3.2.1 Pump Casing

The pump casing shall be made from close grain "Meehanite" cast iron, or Class 30
cast iron conforming with ASTM Designation A 48, and shall be cast with smooth
interior and exterior surfaces. Pump casing shall be open from suction to discharge
with no wearing rings or impeller face plates. All internal case clearances shall be
such that a 3-7/8-inch sphere will pass through the pump,

Pump casing must be so designed that it will withstand not less than twice the
maximum operating pressure of the pump, when operating at the specified speed.

The suction opening shall be in the bottom of the casing and shall be designed to
permit proper distribution of the liquid to the impeller. The suction opening shall
have a circular shape designed to reduce entrance losses, and may be cast integral
with pump casing or be a separate flanged assembly bolted to pump casing.

Supporting legs shall be cast integrally with the pump casing or may be of
fabricated steel plate bolted to the casing, and shall be of sufficient length to raise
the suction opening to at least four inches above the bottom of the sump pit.

15.2.3.2.2 Backplate

The backplate shall be made from close grain "Meehanite" cast iron, or Class 30
cast iron conforming with ASTM Designation A 48. The backplate shall be
accurately machined to register with the pump casing and shall be flanged for
bolting to pump casing.

15.2.3.2.3 Impeller

The impeller shall be recessed of the portless non-clog design vortex or delta type,
and shall be cast in one piece from close grain "Meehanite" cast iron, of Class 30
cast iron conforming with ASTM Designation A 48. The impeller shall be designed
such that it will pass a 3-7/8-inch sphere through the pump. The impeller shall be
keyed to the motor shaft and secured by an impeller lockscrew. The impeller shall
be balanced statically and dynamically to minimize vibration and wear.

15.2.3.2.4 Fasteners

All bolts and nuts necessary to assemble pump components shall be stainless steel
ASTM A 320 bolts, Austenitic, Grade B8, or City-approved equal.

15.2.3.3 Dynamic and Static Balance

All moving parts shall be statically and dynamically balanced.



15.2.4 Shop Drawings
The Contractor shall submit detail drawings of the pump and motor assembly as
specified in Section 2. However, in addition, after City's approval of shop drawings,
the Contractor shall furnish one set of reproducible tracings or "sepias", all marked
"As-Built."

15.2.5 Painting
The pump casing, impeller and discharge pipe shall be epoxy coated, except for
mating surfaces, as specified in Section 25, with 2 mils dry film thickness of epoxy
primer and 15 mils dry film thickness of epoxy coating for a total of 17 mils dry film
thickness.

The pump motor shall be epoxy coated on exterior, including lower mounting flange,
except for mating surface, as specified for pump components.

The epoxy coating shall conform to and be applied according to all requirements as
specified in Section 25.

15.2.6 Installation
Reference is made to Section 2, concerning responsibility for installation of pumps.

15.2.7 Operations and Maintenance Manuals
Eight complete sets of operating and maintenance instructions and eight sets of
parts lists shall be furnished as specified in Section 2.

15.3 Pump Performance Tests

15.3.1 General
Each pump to be furnished under the contract shall be performance tested by the
Contractor at the pump manufacturer's test stand or test laboratory before shipping
to the pump station. The testing facilities must be approved by the City as being
suitable for the prescribed tests, prior to the performance of any tests. All costs for
pump performance testing of pumps 2, 3 and 4 shall be included in the price bid for
Item 40 and for pump 1 in Item 41. Performance testing for the sump pump shall be



included in the price bid for Item 44. No model testing will be permitted.

15.3.2 Test Requirements
All pumps shall be tested using the motor to be furnished with each respective
pump, except that in the case of Pumps Nos. 2, 3 and 4, which are to be
engine-driven, an electric motor of 300 horsepower may be substituted. Pump
impeller test speed must be the same as pump impeller design speed.

Each pump shall be tested at its specified minimum, design and maximum
laboratory or bowl assembly total dynamic heads and enough points in between
such that a smooth performance curve can be plotted describing each pump's
performance throughout the entire range. Pump No. 1 shall also be tested at
shut-off head. A suitable throttling device such as a butterfly valve or gate valve
may be used- to simulate the total head conditions. No test of pumps at other than
design speed will be required but manufacturer will be required to certify that
operation above or below the design speed will be satisfactory and vibration-free,
and within the specific speed capacity of the impeller, and that delivery heads and
capacities will conform to the affinity laws. This requirement does not apply for
sump pump.

Prior to the tests, the pump serial number shall be painted on the outside of the
impeller bowl and stamped into the metal on the impeller shaft just below the lowest
coupling and on a nameplate to be fastened to the motor pedestal or right angle
gear pedestal.

15.3.3 Measurements Required
General:

The Contractor shall submit for review eight copies of the manufacturer's
anticipated pump performance curves, or standard published performance curves
for each pump he proposes to furnish under the contract. The curves shall
accompany the pump working drawing submittal required under Section 2.4 of
these specifications.

The City will review the curve data, and if acceptable in accordance with
specification requirements will so designate on all copies of the curves.

The actual laboratory pump performance tests required under the contract shall not
be performed until the City has reviewed the preliminary performance curves.

The following measurements shall be made by the Contractor:

15.3.3.1 Capacity Measurement



By orifice meter, venturi meter, or other suitable means approved by the City.

15.3.3.2 Head Measurement

By manometers of suitable range and scale.

15.3.3.3 Speed Measurements

Motor R. P. M, by electronic or other suitable means approved by the City.

15.3.3.4 Electrical Measurements

Amperes - 3 Phases
Voltage - 3 Phases
Motor KW (or P.F.)

15.3.4 Test Code Requirements
All of the Contractor's test stand facilities shall conform with recommendations of
the Hydraulic Institute and ASME - Power Test Code.

15.3.5 Results Required
The results of the tests above performed when plotted on the certified pump
performance curves furnished by the Contractor shall in all respects meet the
specification requirements. Pumps and motors not meeting the specification
requirements shall be altered or replaced and retested by the Contractor until
approved by the Engineer.

The testing shall include the minimum, design, and maximum total dynamic heads
and enough points in between such that a smooth curve can be plotted describing
each pump's performance throughout the entire range. Pump performance results
shall be such that the pump shall have only one definite discharge capacity for one
corresponding total dynamic head.

All pump test results and performance curves as determined from the test stand
shall be within the following tolerances to be considered as meeting the
specification requirements:

At design head, capacity shall not exceed five percent above or zero percent
below design capacities as specified in Section 15.1.2 for main pumps and in
Section 15.2.2 for sump pump.

1.  

At minimum, design and maximum heads, engine horsepower ratings and2.  



electric motor horsepower ratings shall not be exceeded.
At shut-off head for Pump No. 1, electric motor horsepower shall not exceed
value shown on Sheet 21 of the drawings.

3.  

Upon completion of witnessed laboratory test, eight copies of certifications, test
data and performance curves plotted from test data shall be submitted for review.
No pumps shall be shipped to the pump station until test data and performance
curves have been reviewed by the City and found to meet the specification
requirements.

15.3.6 Notification
The Contractor shall notify the City two weeks in advance of pump performance
tests. All performance tests will be witnessed by the City.

15.4 Payment
All costs for furnishing the engine driven pumps Nos. 2, 3 and 4 shall be included in the price
bid for Item 40. All costs for the motor driven pump No. 1 shall be included in the price bid for
Item 41.

All costs for the sump pump with 15 h.p. electric motor shall be included in the price bid for Item
44.

Go to Section 16
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16.1 General
Pump No. 1 shall be directly connected to 480 volt, 60 hertz, three phase vertical hollow shaft,
ball bearing, across the line start (NEMA Code F or better), normal starting torque induction
motor. Motor shall conform to AIEE and NEMA Standards and shall be of drip-proof
construction. The thrust bearings shall be selected for a minimum B-10 life of 20,000 hours as
per AFBMA Standards. The thrust bearings shall have ample capacity to carry the weight of all
rotating parts plus the hydraulic thrust of the impeller and shall have an ample safety factor.
Thrust bearing shall be removable without disassembly of the motor. Motor shall be of proper
size to provide the horsepower specified with a temperature rise of not more than 70 degrees
Centigrade above a 40 degrees Centigrade ambient temperature, while running at 115 percent
of the nameplate rated load, with NEMA Class B insulation. Motor shall be capable of full plant
operation without exceeding any nameplate ratings (without considering the service factor) of
the motor or overloading the electrical equipment.

The stator frame and end brackets shall be of normalized cast iron. The stator frame shall be
accurately machined and drilled to receive the end brackets and bearing supports.

The motor shall be balanced after assembly to an overall vibration amplitude peak to peak of
not more than .001 inches.

Rodent guards shall be provided.

A non-reverse ratchet shall be incorporated in the motor design to prevent the pump from
fuming in a reverse direction. The maximum reversal of shaft rotation shall be limited to 4.5
degrees. Provision shall be made for pump impeller adjustment, in the top of the motor
assembly, with a positive device for locking the rotor to facilitate the pump shaft adjustment.

16.2 Motor Sizes



16.2.1 Pump No. 1
The motor for Pump No. 1 shall be 150 horsepower with a synchronous speed of
not more than 880 R.P.M. Motor shall have a 1.15 service factor with the thrust and
lower guide bearing oil lubricated. A visible means shall be provided for checking
the oil level.

Power factor at full load shall be .77 minimum, at 3/4 load .69 minimum, and at 1/2
load .58 minimum. Full load current at 480 volts shall not exceed 200 amps.

16.2.2 Sump Pump
The motor for sump pump shall be submersible, meet NEMA Standards, have a
synchronous speed of not more than 1750 R.P.M., operate on 480 volt, 60 hertz,
three phase, have a 15 horsepower nominal rating and be mounted on a sealed oil
filled chamber. The motor shaft shall also serve as pump shaft and be stainless
steel.

The motor shall be supplied with 30 continuous feet of multi-conductor cables with 3
power leads, one ground lead in one cable and 4 sensing leads in the other cable.
The motor shall have a thermal sensing unit mounted in it and a moisture sensing
unit mounted in the oil filled chamber to warn of moisture before it reaches the inner
motor chamber. Seals shall be provided at all locations where moisture might enter
the submersible pump bearings, motor, or wiring. Hardware shall be stainless steel.

The motor shall be mounted on the pump and shall be provided with thrust and
radial bearings to carry the entire load which may be imposed upon it under all
operating conditions. Motor shall be of nationally known manufacture and shall be
approved by the Underwriters for an explosion-proof atmosphere.

The motor shall have two mechanical seals--the lower one outside the motor and
protecting the upper one which is in an oil filled chamber. Moisture detector probes
in the oil filled seal chamber shall be connected to an alarm to indicate the presence
of moisture in the seal chamber. Thermal overload protectors shall be imbedded in
the motor windings and connected to the starter to disconnect the motor in the
event of overload.

16.3 Heaters and Electrical Connections
The motor for Pump No. 1 shall be equipped with two (2) space heaters rated 240 volts each
and shall be connected in series on 240 AC Panel A power as indicated on the drawings. The
heater elements shall raise the motor temperature above the ambient temperature by a
minimum of 10 degrees Fahrenheit. The heater elements shall be easily replaceable without
requiring dismantling of equipment and shall be insulated electrically from the frame. A junction
box shall be provided to allow for easy connection to the heaters.



The motor feed, heaters, and the heater junction boxes shall be oriented on the motor exactly
as shown on the drawings. No variations will be accepted. The motor feed junction box shall be
of sufficient size as to accommodate the wiring shown on the plans.

16.4 Commercial Test per NEMA Standards
Contractor shall, after the completion of the standard commercial test, submit eight (8) copies
of the test results along with eight (8) copies of the latest complete dynamometer test of a
duplicate motor to the City for approval prior to shipping motors to pump manufacturer for pump
performance tests.

Standard commercial test shall consist of the following checks:
No load current.  

No load speedb.  

Locked rotor currentc.  

Winding resistanced.  

High potential teste.  

Bearing inspection-vibration testf.  

Complete dynamometer test shall consist of the following checks in addition to
those of the standard commercial test:

Torque-speed characteristicsg.  

Heat run-temperature riseh.  

Efficiency and power factor at 1/2, 3/4, and full loadi.  

16.5 Working
The Contractor shall submit certified dimensional working drawings of the motor, base pedestal
for motor mounting, and a cross sectional drawing showing internal construction and motor
specification data as specified in Section 2. Included on the working drawings shall be the
non-reverse ratchet, bearings and pump impeller adjustment and coupling details.

16.6 Installation
Reference is made to pump specifications concerning responsibility for installation of electric
motor drives.



16.7 Operations and Maintenance Manuals
Eight complete sets of operating and maintenance instructions and eight sets of parts lists shall
be furnished as specified in Section 2.

16.8 Payment
All costs for the 150 horsepower electric motor as specified hereinabove shall be included in
the price bid for Item 41.

All costs for the 15 horsepower electric motor which is a part of the sump pump shall be
included in the price bid for Item 44.

Go to Section 17



Section 17 : FHWA-IP-82-17
Right Angle Gear Drives
Volume II

Go to Section 18

17.1 General
The Contractor shall furnish and install for Pumps Nos. 2, 3, and 4 a right angle gear drive
between the pump and the natural gas engine. The unit shall be a standard product of a
reputable gear manufacturer, and shall be manufactured in accordance with the applicable
requirements of the standard practices of the American Gear Manufacturer's Association. The
gear unit manufacturer must be a firm regularly engaged in the production of right angle gear
drives and the model submitted for City approval shall have been proven by at least two years
of successful commercial use.

The drive shall be a spiral bevel gear speed reducer unit capable of transmitting a minimum of
400 continuous brake horsepower and shall be properly sized model as manufactured by
Western Gear Corporation, Amarillo Gear, Philadelphia Gear Corporation, Johnson Gear and
Manufacturing Co., or a City-approved equal. The gear ratio shall be computed by the
Contractor when he has determined the speed of the pump and the gas engine to be furnished.
Equipment selected by ratings and service factors not set forth in published catalogs of the
manufacturer will not be acceptable.

17.2 Manufacturing Requirements
The right angle gear drive shall incorporate the following features and appurtenant items.

17.2.1 Housing
The housing shall be of rugged proportions specifically designed to provide a rigid,
strong, and sealed construction. The material shall be cast iron or cast steel. The
interior of the housing shall be thoroughly cleaned and protected with a
rust-resisting oil-proof paint.

The right angle gear drive shall be subjected to an operational test after installation
in Pumping Plant according to Section 2.

The right angle gear drive and its appurtenant items shall be guaranteed according
to Section 3.



17.2.2 Bearings
Ample capacity precision bearings shall be used throughout, the proportions and
type being consistent with best modern practices for the loads and speeds of this
application. The bearings shall be selected for a minimum B-10 life of 20,000 hours
as per AFBMA Standards, and a minimum vertical down thrust equal to the weight
of the rotating parts plus hydraulic thrust based on a pumping head of 40 feet.

17.2.3 Gears and Shafts
All gears shall be manufactured from alloy steel forgings properly heat treated and
hardened. Gears shall be finished lapped in matched pairs.

The vertical output shaft of the gear unit shall be hollow type made from heat
treated alloy steel forging.

17.2.4 No-Back
A no-back or non-reverse ratchet shall be provided.

The Contractor shall submit for approval to the City calculations and metallurgical
data on the non-reverse ratchet substantiating his design. This shall be included in
the shop drawing submittal of the right angle gear units.

17.2.5 Lubrication
A positive lubrication system shall be incorporated into the drive. The system shall
supply an adequate supply of oil to all gear teeth in mesh and to all bearings. A
self-priming positive displacement pump shall be connected directly to the lower
end of the vertical shaft, giving positive pumping action at all times. To provide
protection from ferrous metallic particles in the oil, the suction line shall be screened
and the housing drain supplied with a magnetic plug.

17.2.6 Lubricating Oil Heat Exchanger
The lubricating oil shall be cooled by a heat exchanger connected to the water
service supply line. The heat exchanger may be a type that is installed inside or
outside of the gear drive.



17.2.7 Oil Pressure and Temperature Gauge Connections
A plugged tapped opening shall be provided on the right angle gear in lubrication
system for the connection of an oil pressure gauge and oil temperature gauge. The
oil pressure and oil temperature gauges shall be furnished and mounted on the right
angle gear assembly. The Contractor shall furnish and install a 3/8-inch copper
tubing between tapped opening on right angle gear and oil pressure gauge and a
capillary tube for the oil temperature gauge. The tapped openings shall be made
during manufacture of unit. Field tapping will not be permitted.

17.2.8 Oil Fill Sight Gauge
The oil reservoir in right angle gear housing shall be provided with a sight level oil
gauge to provide a visual check of the oil level and condition.

17.2.9 Tachometer Generator Connection
The gear drive manufacturer shall furnish a positive gear drive connection from
tachometer generator to the head shaft of the pump through specially designed
gears of the proper ratio to accommodate the tachometer generator. A suitable
bracket shall be furnished to mount the tachometer generator in a horizontal
position on the side of the right angle gear drive and shall be direct connected to the
generator drive provided with a flexible coupling. The exposed shaft and coupling
shall be guarded in accordance with requirements of the State of California
Industrial Safety Regulations.

17.3 Tachometer Generator
An Esterline-Angus, Bristol, or City-approved equal tachometer generator for the natural gas
engine driven pump shall be supplied, installed and coupled to the gear reducer tachometer
connection.

The speed indicator must indicate the actual pump RPM with the tachometer generator driven
at the takeoff speed provided on the right angle gear. The speed indicator, tachometer
generator, and recording D.C. voltmeter must be calibrated in the shop for the correct reading.
No resistors or other devices will be permitted to be added to the system in the field. The
Contractor shall submit certification that the proper RPM was recorded at shop testing.

The tachometer generator must be installed and tested in the plant of the right angle gear
manufacturer. Test results consisting of speed curves within operating range of the engines
shall be submitted for approval to the City along with the shop drawings prior to shipment of the
right angle gear units to the pump station site. Test curves submitted shall also show speeds 10
percent above and below operating range of engines.



17.4 Water Connections to Drive Unit Heat
Exchangers
The Contractor shall make a proper water connection to the right angle gear drive heat
exchangers from the water service line. A 3/4-inch riser shall be brought up from the water
supply line below motor room floor, and a 3/4-inch globe valve shall be installed upstream and
bypassing the solenoid operated valve. A 3/4-inch water hammer arrester shall be installed
upstream from the solenoid valve. A 3/4-inch waste water line shall be installed from the right
angle gear drive and shall discharge into pump sump below motor room floor. Reference is
made to Section 14 for specification on the globe valves, the water hammer arresters, and the
solenoid valves. Schematic of water piping is shown on Sheet 24 of the drawings.

17.5 Installation
Reference is made to Section 2 concerning responsibility for installation of right angle gear
drives.

17.6 Data for Torsional Analysis
The Contractor must obtain from the right angle gear manufacturer the necessary mass elastic
data such as moments of inertia and stiffness factors on all rotative parts of gears to make a
torsional analysis on complete system of pump, right angle gear, drive shaft assembly, and gas
engine. Right angle gear shall not be shipped to job site until torsional analysis has been
reviewed by the City; therefore, expeditious submittal of mass elastic data shall be made in
order to facilitate the Contractor's torsional analysis as specified in Section 18.

17.7 Working Drawings
The Contractor shall submit certified dimensional working drawings of the right angle gear drive
showing attachment to base pedestal for mounting, with a cross sectional drawing showing
internal construction, parts list, gear ratio and drive specification data as specified in Section 3.
In addition, the details of the tachometer generator take off shall be shown on the working
drawings.

In addition, after City review of working drawings, the Contractor shall furnish one set of
reproducible tracings or sepias, all marked "As-Built. "



17.8 Payment
All costs for the right angle gear units and tachometer generators as specified hereinabove
shall be included in the price bid for Item 40.

Go to Section 18



Section 18 : FHWA-IP-82-17
Natural Gas Engine Drives and Auxiliary
Equipment
Volume II

Go to Section 19

18.1 General
The Contractor shall furnish and install three self-contained, stationary open-type, naturally aspirated
natural gas engine power units to drive Pumps Nos. 2, 3 and 4. Each engine shall be equipped with
proper cooling system, ignition system, exhaust system, fuel system, starting system, lubrication
system, engine control, power takeoff, and all other necessary appurtenances to provide a complete
power unit for the proposed application.

The engines shall be identical and shall be single "open type" units of not less than 6 cylinders, four
cycle type and shall operate under design conditions at a speed of not more than 1200 R.P.M., with a
maximum brake mean effective pressure of 78 psi sea level elevation. Each engine shall be capable
of a minimum of 225 brake horsepower continuous output at 1200 R.P.M. at 78 BMEP.

The engines shall have not less than 1900 cubic inch displacement. Engines of lesser cubic inch
displacement will not be acceptable to the City.

The engines shall be the product of a manufacturer regularly engaged in the building of natural gas
engines and shall be a model which has been regular production by the manufacturer for at least two
years.

The engines described shall be heavy duty, industrial type natural gas with overhead valves, exhaust
valve inserts, alloy steel valves, renewable wet sleeve cylinder liners, main bearings, crankshaft
vibration damper, full pressure lubrication, and other features common to heavy duty engine design.
There shall be no critical torsional vibrations in the operating speed range .

The natural gas engines and their auxiliary equipment shall be guaranteed as specified in Section 2.

18.2 Detailed Requirements for Engine Drive and
Auxiliary Equipment

18.2.1 General
The following list of engine auxiliary equipment shall be furnished and installed by the
Contractor on the engine. It shall be understood by the Contractor that it will be his



responsibility to furnish and install any other items not specifically listed, to provide the
complete power unit for the proposed application. Guards for all belts shall be furnished
by the Contractor in accordance with State Division of Industrial Safety requirements.

18.2.2 Cooling System

18.2.2.1 Radiator

The engine shall be furnished with a radiator cooling system having sufficient capacity for
cooling the engine when delivering maximum horsepower of engine at 1200 R.P.M. and
with an ambient temperature of 100 degrees F. at sea level elevation.

The radiator cooling system shall be furnished complete with pusher fan, fan driving belts,
belt guard, fan guard, fan shroud, belt driven water pump, thermostats, and quick
warm-up bypass line. The radiator shall be heavy duty model with removable cores and
shall be integrally mounted with the engine on a steel skid for proper alignment. A liquid
level indicator shall be provided on each radiator, of sturdy construction and mounted for
easy viewing.

An air duct adaptor flange shall be mounted to the face of the radiator to receive flexible
connector between radiator and metal closure duct to louver in building exterior. The
flexible connector and metal closure duct are specified in Section 9.

The radiator drain shall be equipped with a manual shut-off valve and a pipe in the outlet
of the valve terminating over the two inch sleeved hole in the floor to drain radiator into
pump pit. The manual shut-off valve shall be a gate valve as specified in Section 14.

The engine shall be equipped with a water cooled exhaust manifold (one on each bank if
Vee-Type engine).

18.2.2.2 Engine Preheater

An engine immersion preheater, 3000 watt for 480 volt single phase AC power supply
shall be placed in the cooling system. Heater shall be equipped with a thermostatic
control to maintain engine jacket water temperature between 120 degrees F. to 160
degrees F.

The contacts of thermostat shall be rated 20 amps, 480 volts. A terminalized strip junction
box shall be furnished with engine heater and thermostat wired to it. Terminal strip shall
be Square D, Type S, or Buchanan Type TC, or a City-approved equal. If a Vee-type
engine is furnished, it must be equipped with 3000 watt heaters on each bank. The heater
water lines shall be connected to engine block with the inlet taken low from one end and
the outlet from heater going into engine block low at opposite end. The heater shall have
manual shut-off valves at the engine block inlet and outlet to allow for heater line change
without draining engine water. The water lines shall be flexible metal.



18.2.2.3 Filter Conditioner

Engine cooling system shall be equipped with a filter conditioner unit which will filter the
water, chemically treat the water to maintain pH factor, chemically treat the water to
maintain corrosion protection, and have a sacrifical plate to control electrolysis. The filter
conditioner unit shall be installed with shut-off valves on water inlet and outlet to allow for
element change without draining engine water and shall have a sight glass installed in
water line for visual check on water condition.

18.2.2.4 Automatic Louver Operation System

The engine fan exhaust louvers shall be normally closed and shall be of automatic design
to open when the engine starts by means of proper-sized hydraulic cylinder operating
from the engine oil pressure. These shall automatically close after the engine shuts off.
Engine manufacturer shall provide for and furnish necessary devices as described above
so as to coordinate the installation with the louvers as described under Section 10.

18.2.3 Fuel System

18.2.3.1 Carburetion System

Carburetion system shall be for combination natural gas - LPG complete with carburetor,
gas regulator at the engine to reduce the 10-15 inches water gauge supply pressure to
the low pressure in inches required by the carburetor, heat exchanger-regulator unit to
vaporize LPG, dry type air cleaner, compound pressure gauge with push button valve.

The gauge shall be mounted on a panel attached to the building wall in a location
adjacent to the engine. If a Vee-type engine is supplied, a dual carburetion system shall
be furnished.

A fuel transfer switch (toggle) shall be installed on engine instrument panel to permit
selection and use of either the natural gas fuel system or the liquefied petroleum gas
system at any given time.

18.2.3.2 Converter

Converter shall be a combined pressure reducing valve and heat exchanger to vaporize
the liquid petroleum gas using engine jacket water. It shall have two stages of regulation,
reducing gas pressure from tank pressure to approximately one inch of water column
vacuum. A commercial liquid stage filter shall be installed upstream of the converter. A
load adjuster shall be placed between converter and carburetor to adjust converter outlet
pressure to match engine actual load.

18.2.3.3 Air Cleaner



All air to the carburetor shall be filtered by properly sized dry type air cleaner.

18.2.3.4 Shut Down Device

24 Volt D.C. solenoid operated shut-off valves shall be furnished and installed on the
engine to shut down engine by cutting off the natural gas or LPG fuel supply in the event
of engine overspeed, high water temperature, low oil pressure or low water level in the
pump pit. Solenoid valves shall be actuated from circuits in the engine control panel as
specified hereinafter. Solenoid valve shall have a coil for operation on battery voltage.
The setting of the transfer switch specified under Subsection 18.2.3.1 determines whether
the engine control is connected to the solenoid valve for natural gas or for LPG at any
given time.

The 24 Volts D.C. Natural Gas 3-inch solenoid valve shall be Catalog No. 821541 as
manufactured by ASCO, equivalent by Gould or City-approved equal.

The 24 Volts D.C. LPG one-half-inch solenoid valve shall be Catalog No. 8215 B21 as
manufactured by ASCO, equivalent by Gould or City-approved equal.

Manually operated natural gas shut-off valves shall be furnished. One valve shall be
installed upstream of the natural gas automatic shut-off solenoid valve and one in a
bypass line around the natural gas automatic shut-off solenoid valve. The valves shall be
ball valves with teflon seats, Pacific Valves, Figure No. CS400 P5, or equivalent by
Lunkenheimer or a City-approved equal.

Shutoff and bypass valves for the LPG line shall be Clayton Mark 150 pound, No.
772TTU flanged ends carbon steel body ball valve with teflon seals, gasket and packing,
U.S. listed for shutoff valves in LPG service in either liquid or gas phase, equivalent by
Hills-McCanna or City-approved equal.

18.2.4 Lubrication and Lubricants

18.2.4.1 Lubrication

Each engine shall be equipped with gear type lubricating oil pump which will supply oil
under pressure to main bearings, crank pin bearings, pistons, timing gears, camshaft
bearings, and valve rocker mechanism. Lubrication system shall have full-flow lubricating
oil filters which filter all oil prior to entering main bearing gallery and other lubricated
surfaces. The filters shall be equipped with a spring loaded bypass valve as assurance
against stoppage of lubricating oil circulation in the event filters become clogged. Oil
pressure shall be controlled by an externally adjustable pressure regulating valve.

The engine oil pan shall be the box base type with oil reservoir equipped with a visible
column oil level gauge, dip stick, and an oil drain out pipe with a valve and cap provided.
The drain valve shall be easily accessible for engine maintenance.

18.2.4.2 Lubricants



Lubricants for the engine shall be furnished by the Contractor. The initial application of
these lubricants shall be performed by the Contractor prior to plant test, in accordance
with engine manufacturer's recommendation. Prior to initial lubrication and testing of
engine, the Contractor shall submit for approval to the City a list of manufacturer's
recommended lubricants to be used.

18.2.5 Engine Speed Control

18.2.5.1 Governor

An adjustable speed, mechanical, flyball governor shall be mounted on the engine for
operating speed control, variable from idle to top speed. Governor shall be fully enclosed,
self-lubricating, and capable of providing speed control with 10 per cent of rated speed
from no load to full load conditions.

18.2.5.2 Two Element Speed Switch

A two-element speed sensitive switch with an automatic reset shall be furnished and
installed. The underspeed element shall be set at a speed between cranking and idle
speed to indicate when engine is running, and high speed element shall be set to stop
engine at 10 per cent over covered speed.

18.2.5.3 Throttle Control

A 24 volt DC reversible throttle motor shall be provided to control the engine throttle in
conjunction with the automatic engine control. Motor shall provide an adjustment of from
zero to three minutes in the time required to open the throttle from idle to full design
speed and shall have limit switches to stop at the full design and the idle speeds. When
the control panel selector switch is in the automatic position, the engine is started and
warmed up at idle speed, the throttle motor being energized to accelerate the engine to
full design speed in up to three minutes according to setting. When the engine is at full
design speed, the throttle motor will be de-energized by the limit switch. A disconnect and
a friction-type hand throttle shall be provided for manual control.

On signal from the control panel the throttle motor will be energized to run in the opposite
direction and return the engine to idle speed. The throttle motor will be de-energized by
another limit switch.

18.2.6 Exhaust System

18.2.6.1 General



The Contractor shall furnish a complete exhaust system for the gas engine. The exhaust
system will follow the general scheme shown on the drawings and shall be mounted
above and be integral with the engine. The Contractor shall submit full details of the
exhaust system with the working drawings required in Section 2.

The maximum back pressure allowable in the exhaust piping will be 10 inches water
column, measured at the manifold exhaust header. Header shall be provided with a
plugged tapped connection for the attachment of a test manometer to check back
pressure after installation of exhaust system in field. The engine shall have a single
exhaust outlet connected to the silencer. The exhaust system shall be sized in
accordance with the engine manufacturer's recommendations.

18.2.6.2 Exhaust Piping

The exhaust piping shall be fabricated from standard black pipe, ASTM A 120 or A 53.
The exhaust piping shall be supported in such a manner as to relieve the flexible
connection and engine exhaust manifold from any loads, and shall be sloped slightly
towards outlet to drain condensate.

Where a V-type engine is used having two exhaust manifolds, a "Y" connection can be
utilized, made with two branches entering a single pipe at approximately 60 degrees
single confluence angle. The use of "T" connections or multiple exhaust connections to a
common header will not be permitted.

18.2.6.3 Muffler

The muffler shall be a critical residential class silencer (four chambers) Model TRS as
manufactured by Kittell Muffler and  Engineering, or an equivalent by Maxim Silencer
Company, or a City-approved equal. The muffler shall be sized for maximum of 10-inch
water column friction loss on complete exhaust piping. The muffler shall have a size inlet
located as close to the muffler inlet end as possible, and an end outlet. An outlet drain
with waste piping shall be provided at the low end of muffler to drain condensate. The
waste piping shall extend through floor to discharge condensate into pump pit.

18.2.6.4 Flexible Connection

There shall be installed in the exhaust piping an 18-inch long section of Type 321
Stainless Steel accordion pleated flexible connection. The flexible connection shall be
flanged both ends with carbon steel plate flanges. The Type 321 Stainless Steel shall
conform to ASTM A 269.

18.2.6.5 Safety Guard and Insulation

The exhaust piping beyond engine manifold to the building wall including muffler, except
for the flexible connection, shall be insulated with a City-approved type of insulation
suitable for temperature of 1300 degrees Fahrenheit. The exterior of insulation shall be
protected with a stainless steel sheet metal cover, Type 321 per ASTM A 167 and to be



minimum of 24 gage. The insulation maximum exterior temperature allowed shall be 150
degrees Fahrenheit.

The flexible connection shall be provided with an approved type safety guard. The safety
guard must be mounted so as not to interfere with the functional operation of the flexible
connection.

18.2.7 Starting System

18.2.7.1 General

A complete self-contained electrical starting system shall be furnished and installed for
each engine.

18.2.7.2 Starting Motor

Each engine shall be equipped with a 24 volt direct current electric starter complete with a
magnetic contactor. A pushbutton switch shall be provided in engine control panel for
energizing starter.

18.2.7.3 Alternator

Each engine shall be equipped with an alternator for charging the battery system. The
alternator shall have a minimum charge rate of 35 amps and shall be complete with drive
and regulator. Engine shall be equipped with a relay to transfer battery to alternator when
engine starts, to trickle charge when engine stops, and to energize the totalizing type hour
meter.

18.2.7.4 Battery System

Each engine shall have four (4) twelve volt Group 8D heavy duty batteries rated at 200
ampere-hour capacity at 20 hour rate, mounted in battery racks. The batteries shall be
series and parallel connected for 24 volt 400 ampere-hour system. A set of 4/0 battery
cables shall be furnished to connect battery system to starting motor. A 35 ampere fuse
shall be furnished and installed in feed line to engine control pane.

18.2.7.5 Battery Charger

A solid state battery charger shall be provided for each engine which shall be automatic,
self-regulating, and have no moving parts. The D.C. output shall be rated 10 amperes at
24 volts and shall have a D.C. ammeter. The amount of loading and the state of charge of
the battery shall determine the charger's current output. The charger shall use a magnetic
amplifier for D.C. voltage regulation and sealed silicon diodes for full wave rectifier.
Charger shall not discharge battery if A.C. power goes off. Unit shall have U.L. Listing and



an isolation transformer to completely separate the A.C. line from the charging circuit. The
unit shall have automatic surge supressors and current limiting overload protection, and
fused A.C. input and D.C. output.

18.2.8 Clutch Power Take-Off
Each engine shall be equipped with a heavy duty clutch power takeoff. The clutch
mechanism shall be enclosed, and a hand lever shall be provided to manually engage
and disconnect engine from pump during testing or servicing engine. The clutch power
take-off shaft shall have a diameter not less than the required to transmit full engine rated
horsepower with an adequate safety factor. The clutch take-off shaft shall be cross drilled
to permit lubrication of fly-wheel pilot bearing without removing the connecting drive shaft.

Clutch shall be equipped with a positive action switch which, when clutch handle is in
disengaged position, will open circuit to water coolant valve and oiler on right angle gear.
Tilting type mercury switches are not acceptable due to failure resulting from engine
vibrations.

18.2.9 Instrument Panel
An engine instrument panel, engine mounted and vibration isolated, shall be provided for
each engine, complete with water temperature gauge, oil temperature and pressure
gauge, manifold vacuum gauge, ammeter, electric tachometer with momentary push
button, fuel transfer switch, starter pushbutton, and a 24 volt D.C. totalizing-type hour
meter for the engine.

All gauges and switches shall be furnished with black bakelite engraved nameplates.

18.2.10 Engine Control Panel

18.2.10.1 Control Panel

An engine control panel unit for each engine shall be furnished and mounted on the
interior of the engine room wall. The control unit shall provide for manual, automatic, and
test operation. The mode of operation shall be selected by a four position switch located
on the control panel. All indicating lights and switches on control panel shall be plainly
labeled. The control shall conform to Standard Drawing 2-ML 227.

18.2.10.2 Control Panel Selector Switch

The selector switch shall have Manual, Off, Automatic, and Test positions.
Manual Position -Power shall be supplied to starter switch and fuel solenoid valve.

Off Position -All power to unit shall be off except to water indicator lights.



Automatic Position -The engine shall be automatically started at a predetermined water level
with a predetermined low R.P.M. After an adjustable time delay, the
engine throttle is opened to its operating speed. When the sump water
level reaches shutdown level, the throttle is closed to the idle position
and remains in this position for a predetermined time before shutting off
the fuel solenoid valve.

Test Position -The engine starts and runs until the switch position is changed. There
are no water level or throttle controls in this position. The throttle is
controlled manually.

18.2.10.3 Control Panel Operation on a Failure

In the automatic and test positions, low oil pressure, high water temperature, or over
speed switches will shut down the engine when trouble occurs. In addition, the throttle will
be closed in the automatic position.

The control panel lights shall indicate the cause of shutdown with yellow for oil, white for
high engine water temperature, and red for overspeed.

In the automatic and test position, a failure will result in the correct indicating light coming
on and remaining on until the selector switch is manually turned to the off position. The
alarm bell will ring until the engine stops or alarm silence switch on panel is turned off.

The manual position has no safety devices in operation, no operation of alarm bell and no
safety indicating lights.

18.2.10.4 Water Level Lights

The red and green water level lights shall operate in the following way:
Water level below automatic stop level will result in both red and green lights on
dim.

1.  

Water level in pumping range will result in red light off and green light bright.2.  

Water level at the automatic start level and the selector switch in the automatic
position will result in both red and green lights being on bright. The engine should
be in operation.

3.  

18.2.10.5 Sensing Switches

The engine shall be equipped with a low oil pressure safety switch, high water
temperature safety switch, and a two-element speed switch with underspeed switch to
indicate engine running and an overspeed switch for the overspeed safety switch to
operate with engine control panel.



18.2.11 Junction Box
The engine shall be equipped with a terminalized strip junction box with all engine safety
accessories shop wired to it. All wiring shall be standard and clearly identified. Terminal
strips shall be Square D Type S, or Buchanan Type TC, or City-approved equal.

18.2.12 Structural Steel Base
The Contractor shall furnish and install a separate welded structural steel skid frame, and
shall mount the engine with radiator on this frame in such a manner as to provide
clearance below engine for maintenance and to allow clearance on oil and water drain
lines. The entire unit shall be placed on the reinforced concrete foundation shown on the
drawings and solidly anchored in place with anchor bolts screwed into cast-in-place
anchor bolt sleeves. The frame and anchor bolt layout for the frame shall be designed by
the Contractor. Working drawings shall be submitted for City approval, as specified in
Section 2.

18.2.13 Painting
The natural gas engine shall be painted with machinery gray enamel in accordance with
manufacturer's standard practice.

18.2.14 Spare Parts
The following spare parts shall be included with engine:

1 Set of spark plugs.●   

6 Sets of lubricating oil filter elements and gaskets for six complete changes of all
oil filters if engine equipped with more than one filter.

●   

6 Sets of replacement elements and sacrificial plates for water filter conditioner.●   

1 Set valve cover gaskets.●   

1 Set side door inspection gaskets.●   

18.2.15 Operations and Maintenance Instruction Manuals
Eight complete sets of operating and maintenance instructions and eight sets of parts lists
shall be furnished by the Contractor for all equipment furnished under this contract. The
operating and maintenance instructions and parts lists shall be bound together in sets and
delivered to the City prior to shipment of engine and auxiliary equipment to pump station.



18.2.16 Instruction of Operating Personnel
The engine manufacturer or his authorized representative shall, upon completion of
installation, instruct City operating personnel in care and operation of the engines and all
accessories furnished, and shall demonstrate the operation to the satisfaction of the
Engineer.

18.2.17 Working Drawings
The Contractor shall submit detail drawings of the engines and accessories as specified
in Section 2. However, in addition, after fabrication of equipment, the Contractor shall
furnish reproducible tracings or sepias marked "As-Built."

18.3 Torsional Analysis
To insure that no harmful critical torsional vibrations exist in the operating range, a torsional analysis
shall be made on the complete rotative system of pump, right angle gear, drive shaft assembly, and
natural gas engine.

Eight certified copies of torsional analysis showing no harmful critical torsional vibration existing in the
operating range shall be submitted to City for approval prior to shipment of any of the equipment
involved to the jobsite.

18.4 Installation
Reference is made to Section 2, concerning responsibility for the installation of natural gas engines.

The crankshaft of each engine shall be horizontal and in exact longitudinal alignment with the input
shaft of the right angle gear drive. The crankshaft elevation shall be 2-1/2" above elevation of the
input shaft of the right angle gear drive.

18.5 Natural Gas Engine Performance Tests

18.5.1 General
The engine to be furnished under the contract shall be performance tested by the
Contractor on a dynamometer at the engine manufacturer's test facility or test laboratory
before shipping to the pump station. All costs for engine performance testing shall be
included in the price bid for Item 39.



18.5.2 Measurements Required
The following measurements shall be recorded during the test:

18.5.2.1 Load Measurement

By dynamometer, or other suitable means approved by City.

18.5.2.2 Speed Measurement

By electronic or other suitable means approved by City.

18.5.2.3 Barometric Pressure Measurement

18.5.2.4 Combustion Air Inlet Temperature Measurement

By calibrated temperature gauge.

18.5.2.5 Fuel Consumption Measurement

By calibrated meter.

18.5.2.6 Exhaust Back Pressure Measurement

By water manometer.

18.5.2.7 Intake Manifold Vacuum

By mercury manometer.

18.5.2.8 Oil Pressure Measurement

By calibrated pressure gauge.

18.5.2.9 Outlet Jacket Water Temperature

By calibrated temperature gauge.

18.5.2.10 Inlet Jacket Water Temperature

By calibrated temperature gauge.



18.5.2.11 Radiator Inlet Air Temperature Measurement

By calibrated temperature gauge.

18.5.2.12 Radiator Outlet Air Temperature Measurement

By calibrated temperature gauge.

18.5.3 Test Code Requirements
All of the Contractor's dynamometer test facilities shall conform with recommendation of
the Internal Combustion Engine Institute.

18.5.4 Results Required
The results of the tests above performed when plotted on the certified published engine
performance curves furnished by the Contractor shall fall within the following tolerances to
be considered as meeting the specifications:

Maximum horsepower shall not be more than five percent below the manufacturer's
certified published performance curve.

.  

Natural gas consumption shall not be more than five percent above the
manufacturer's certified published performance curve.

Engines not meeting the specification requirements shall be altered or replaced and
retested by the Contractor until approved by the Engineer.

B.  

Upon completion and acceptance of the engine dynamometer performance tests, the
Contractor shall furnish the City with reproducible tracing or sepia of the actual test
performance curve of the engine plotted from the witnessed dynamometer test data.

18.5.5 Notification
The Contractor shall notify the City two weeks in advance of engine performance tests. All
performance tests will be witnessed by the City, unless specifically waived by the City at
the time notification is given.

18.6 Certified Engine Published Performance Curve
The Contractor shall submit for review eight certified copies of the manufacturer's published engine
performance curves for the engine he proposes to furnish under the contract. The curves shall
accompany the engine shop drawing submittal required under Section 2 of these specifications.

The City will review the curve data and if acceptable in accordance with specifications requirements



will so designate on all copies of the curves.

The actual dynamometer engine performance tests required under the contract shall not be
performed until the City has reviewed the certified published engine performance curves.

18.7 Payment
All costs for the engines with accessories as specified in this section shall be included in the price bid
for Item 39.

Go to Section 19
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19.1 Drive Shaft Assembly
Each clutch shaft shall be connected to the right angle gear input shaft with a Model J-490 "Twin Disc"
or Model WL-90 Watson flexible Shaft, or a City-approved equal drive shaft assembly.

Shaft shall consist of two flexible joints and a center section which includes shaft flexibility features, and
two special flanges; one for the clutch power take-off shaft at the engine and one for the right angle gear
drive input shaft. Overall length shall suit 48" clear between ends of shafts.

The torque rating of the coupling selected must exceed by a minimum of 1.5 to 1, the maximum torque
of the engine, when transmitting maximum horsepower at 1200 RPM. The drive shaft bearings shall have
a B-10 minimum life of 16,000 hours. Data supporting selection criteria shall be included with working
Drawings for Natural Gas Engines to be submitted for City approval. Applicable data shall be included in
the Contractor's torsional analysis.

19.2 Drive Shaft Guard
A suitable drive shaft guard shall be furnished and installed for each shaft. The guard supports shall be
anchored to the motor room floor and engine foundation. The upper portion of the guard shall be hinged
and shall be provided with a padlock hasp. The guard arrangement shall be such that service and
lubrication can be readily accomplished. A working drawing shall be furnished as part of the Natural Gas
Engine submittal required by Section 2.

Guard shall be designed in conformance with the "State of California Industrial Safety Orders." Guard
shall be painted as specified in Section 25.

19.3 Payment
All costs for the Connecting Drive Shafts and guards as specified in this section shall be included in the
price bid for Item 39.

Go to Section 20
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20.1 General
The discharge lines from all pumps, extending from the pumps inside the pump station to the downstream end of the discharge manifold
outside the station, shall be constructed as shown on the drawings and as specified herein.

All costs for the installation of discharge manifold and related items as described in this section, except for shoring of excavation, shall
be included in the price bid for Item 46. Shoring of excavation shall be paid for under Item 3.

20.2 Discharge Piping - Main Pumps
The discharge for each main pump shall consist of a check valve bolted to the pump discharge elbow, followed by a steel pipe spool
connecting the check valve to a steel pipe fabricated manifold extending through the pump station wall, the manifold then terminating
downstream in an adapter for connection to concrete pipe.

20.2.1 Steel Pipe and Fittings

A steel pipe section shown on Sheet 23 shall extend from the pump check valve to a point inside the pump station wall and
shall be flanged at the upstream end. The steel pipe section shall have a minimum wall thickness of 1/4 inch, and shall be
fabricated from steel plate ASTM A 283 Grade C. Pipe size shall be as required to match pump elbow and check valve.

The steel pipe section shall be connected to the pump discharge valve by a flanged connection and to the manifold using a
flexible coupling so as to be readily removable.

The coupling shall be of such a design that the joint will remain sealed and tight indefinitely when subjected to shock,
vibration, pulsation or other adjustments of the discharge line, and shall be assembled with stainless steel bolts and nuts.

The coupling shall be Dresser Style 38, equivalent by Baker or a City-approved equal.



Flanges shall be standard steel ring flanges, Class D, complying with AWWA Standard C207-55, electrically welded to the
pipe. Bolts and nuts both upstream and downstream of the check valves shall be carbon steel complying with AWWA
Standard C 207-55 and ASTM A307. All gaskets shall be cloth impregnated neoprene.

The steel pipe section shall be epoxy lined and coated as specified in Section 25.

20.2.2 Manifold and Steel-to-Concrete Pipe Adapter

Manifold shall be designed to withstand external design loads equivalent to 2250 D. and 18 psi internal pressure and shall
consist of steel plate of diameters varying from 24" and 36" at inlet elbows to 54" at downstream end. Plate shall be ASTM
A 283, Grade C, of 1/4-inch minimum wall thickness, and fabrication shall be in accordance with AWWA Standard
C201-66 for electrically welded steel water pipe. Exterior shall have cement mortar protective coating in accordance with
AWWA Standard C205-62 and interior shall be epoxy coated in accordance with Section 25.

Adapter shall consist of a steel pipe section, 61-1/2-inch outside diameter and 1/4-inch minimum wall thickness with
standard steel sized bell ring one end, reducing at opposite end to steel cylinder with cement-mortar lining and coating,
54-inch inside diameter, suitable to receive spigot-end reinforced concrete pipe with rubber-gasket joint.

Adapter shall be welded to and integral with manifold and shall be fabricated from steel plate as described in 20.2.1 above.
Cement-mortar lining and coating shall be Type II cement, with welded wire fabric reinforcing complying with ASTM
A-185.

20.2.3 Cam-Locked Closures

Cam-locked closures shall be thirty-inch diameter, designed to A.S.M.E. Code specifications. Code stamp is not required.
Covers shall be ductile iron and weld ring stubs shall be steel plate with a minimum wall thickness of 1/4 inch, conforming
to ASTM A285 Grade C. Ten cam-locks shall be equally spaced around the circumference of the cover. Cams shall be
standard type with integral handle and shall have cadmium-plated fittings. A neoprene gasket shall be inserted into the
cover so as to maintain water tightness when the cover is locked and shall remain securely embedded in the cover when the
latter is opened. Closures shall be epoxy coated as specified in Section 25.

Closures shall be welded to the manifold and shall be subjected to shop hydrostatic pressure test as specified in Subsection
20.6.1.

Closures shall be Part No. 3036-1-E-C-4-2-ST-1-N as manufactured by West Coast Engineered Products, or City-approved
equal.



20.3 Discharge Piping - Sump Pump
The sump pump discharge line, as shown on the drawings, shall consist of a 6-inch steel pipe portion, and 8-inch steel pipe portion, a
flexible hose section and fittings.

The steel pipe shall be ASTM A 120 Schedule 40, black, with flanges ASTM A 181 Grade 1, 150 pound ANSI. Eight-inch steel pipe in
the sump shall be fabricated in a maximum of 10 foot lengths. Eight-inch pipe outside the pump station shall be fabricated integral with
manifold. Pipe inside sump room shall be supported by split clamp pipe hangers except where welded steel brackets are shown. Hangers
and brackets shall be galvanized. Bolts and nuts shall be stainless steel.

All steel pipe and fittings shall be epoxy coated inside and outside as specified in Section 25. All bolts and nuts shall be stainless steel.
Gaskets shall be cloth impregnated neoprene.

Flexible discharge hose shall be 6-inch I.D. SBR-2, 5 ply rubber impregnated duck with abrasion-resistant synthetic rubber cover. Hose
shall withstand a minimum working pressure of 55 psi. Hose shall be fastened to adapters by stainless steel clamps.

20.4 Check Valves and Air Valves
The Contractor shall furnish and install one 24-inch and three 36-inch diameter slanting disc check valves for the main pumps as shown
on the drawings. For both sizes, the body of check valve shall be two (2) piece construction, bolted together through the center section,
in a manner to capture the seat on an angle. The seat ring and disc ring must be replaceable in the field without need for machining. The
area throughout the valve body must be equal to full pipe area. The body and disc of the check valve shall be made of cast ductile iron
or carbon steel with flanged ends. The valve shall have stainless steel internal trim, stainless steel fasteners, inspection hand hole, a
hydraulic closing damper (oil dashpot), and a position indicator. The closing damper shall provide for a free opening and a positive
non-slam closing. The hydraulic damper shall be designed to contact the disc during the last ten (10) per cent of the closure and control
the final closing of the valve to prevent slamming. The rate of closure shall be externally adjustable.

The ductile iron or carbon steel components of the body and disc of valve, the exterior of closing damper and the internal parts of
closing damper exposed to the water shall be epoxy coated completely. The epoxy coating is to be as specified under the painting
section and to be a thickness of .012-inch plus or minus .002-inch.

The cast ductile iron if used for the body, disc and damper housing shall conform to ASTM A-536, Grade 65-45-12. The cast carbon
steel if used for the body, disc, and damper housing shall conform to ASTM A-27, Grade 70-40. The stainless steel for the internal trim
such as disc seat ring, seat, pivot pin, bushing and damper internals shall be a 300 series stainless steel conforming to ASTM A-276. All
stainless steel bolting shall conform to ASTM A-320, Grade B8M.

The 36-inch slanting disc check valve shall be a Series 800, as manufactured by Valve and Primer Corporation or a List 23 as
manufactured by Chapman Division of Crane Company or a City-approved equal.



The check valve for the sump pump shall be an eight-inch diameter swing check valve, ferrosteel body, bronze trim, flanged,
125-pound, with leather-faced disc. Valve shall be Crane No. 373 or City-approved equal.

Air-release valves shall be air and vacuum type designed to release air from pump columns and from the discharge manifold and to
prevent vacuum conditions. Valves shall be in accordance with the following schedule:

Pump No. 1: 4" Apco No. 1604/152 with slow-closing attachment or City-approved equal.
Pumps Nos. 2, 3 & 4: 6" Apco No. 1606/153 with slow-closing attachment or City-approved equal.
Manifold Vent: 4" Apco No. 152 with screwed top outlet or City-approved equal.
Sump Pump: 1" Apco No. 142 or City-approved equal.

20.5 Installation of Discharge Manifold and Piping

20.5.1 Excavation

The excavation for the discharge manifold shall be carried out, and any necessary shoring shall be designed and placed in
accordance with Section 4.

20.5.2 Concrete Mattress

After the manifold is secured in place true to line and elevation, the concrete mattress shall be placed under the entire
length of the manifold which is 48" or larger steel pipe diameter. Concrete strength shall be a minimum of 2000 psi at 28
days and shall be as specified in Section 6.

20.5.3 Backfill

All backfill shall be placed as specified in Section 4.2.



20.6 Testing of Discharge Piping and Manifold

20.6.1 Shop Hydrostatic Test

The 24-inch and 36-inch pipe spools and the 54-inch discharge manifold shall be subjected to a hydrostatic pressure test as
specified in subsection 207-2.9.5, as amended. The test pressure shall be forty pounds per square inch (40 psi).

20.6.2 Field Pressure Test

The discharge manifold shall be pressure tested after installation in the field. Prior to testing the pipe, the Contractor shall
advise the Engineer of the planned scheme of testing, the details of the test bulk heads, the size and location of the pump
and location of metering devices and pressure gauges. The Contractor shall provide calibrated meters or tanks for
measurement of leakage, the necessary pipe, calibrated recording pressure gauges, water, pump, power, labor and other
apparatus necessary for obtaining and maintaining the required water pressure.

The manifold shall be slowly filled with water and placed under slight pressure for a minimum of 48 hours. During the
filling of the pipe and before applying the specified test pressure, all air shall be purged from the pipe line. To accomplish
this, taps may be made as necessary at the point of highest elevation and after completion of the test; the taps shall be
tightly plugged to the satisfaction of the Engineer. The duration of the test shall be not less than 4 hours during which the
recording pressure gauges shall be in operation. The test pressure (P) shall be equal to forty pounds per square inch (40
psi).

If the leakage exceeds the amount determined by the formula in subsection 306-1.4.4, the manifold being tested will be
considered defective. The Contractor shall determine the points of leakage, make the necessary repairs and make another
test. This procedure shall be continued until the leakage falls within the allowable maximum. However, regardless of the
test results, all detectable leaks shall be repaired by the Contractor. Leakage shall be determined by a calibrated meter
device to measure the water coming into the pipe line while under the required pressure or by suitable calibrated tanks used
for measurement of leakage. The Contractor shall assume all responsibility for any damage to the manifold as a result of
pressure imposed during the operations of filling the pipe with water and conducting the tests.

The 8-inch steel discharge line is not to be field pressure tested.



20.7 Working Drawings
Detail working drawings shall be furnished on the pump discharge manifold and piping as specified in Section 2.

20.8 Payment
All costs for Discharge Manifold and Related Items as specified in this section shall be included in the price bid for Item 46.

All costs for Air Valves and related piping as specified in this section shall be included in the price bid for Item 53.

All costs for Check Valves and related piping as specified in this section shall be included in the prices bid for Items 42, 43 and 45.

Go to Section 21
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21.1 General Requirements
A complete single trolley, single girder top-riding bridge crane shall be furnished and installed by the
Contractor in the pump station engine room. Crane shall be equipped with electrically powered
longitudinal and lateral travel and shall have an electrically powered hoist of 5-ton capacity,
low-headroom type. Pendant pushbutton control shall be operable from engine room floor level.

All equipment shall be products of nationally recognized equipment manufacturers. Hoist shall be a
model which has been in operation for a period of at least five years.

21.2 Manufacturer's Qualifications
Equipment provided shall be designed, fabricated and installed in accordance with best industry
standards and be of standard design of manufacturer. The Contractor shall provide evidence of having
made other satisfactory installations of equipment of the size and type proposed.

21.3 Working Drawings
The Contractor shall submit 8 copies of working drawings showing general arrangement and control
wiring diagrams to the City for approval. The Contractor shall also submit 8 copies of structural
calculations, load ratings, and manufacturer's data clearly defining the equipment. After completion of
the work, he shall submit 8 copies of as-built drawings, parts list, printed description of operation and
maintenance procedures.

21.4 Codes and Standards
Where applicable, work shall conform to the following:

California Admin. Code, Title 8, Division of Industrial Safety..  

American Safety Code for Cranes, Derricks and Hoists, ANSI B 30.2 - 1943 (R 1952), latest
revision.

B.  



Specifications for Electric Overhead Traveling Cranes published by the Crane Manufacturer's
Associates of America, Inc. (Specification #70).

C.  

21.5 Materials
Material not definitely specified shall be the best quality used for the purpose in commercial practice.
Material shall be free from all defects and imperfections that may affect the finished product. Structural
steel shall conform to ASTM A-36.

21.6 Specific Requirements

21.6.1 Hoisting and Traveling Speeds

The crane hoist shall be single-speed with a minimum of twelve (12) feet per minute and a
maximum of fifteen (15) feet per minute. Bridge and trolley travel speed shall be a
minimum of 45 feet per minute.

21.6.2 Hook Heights and Limits of Travel

The required upper and lower limits of hook heights and the required limits of travel
longitudinally and laterally are shown on the drawings. All equipment proposed to be
furnished and installed shall be capable of operating at full capacity within the limits shown.
The maximum lift shall not be less than that capable of handling equipment through the
floor openings from the bottom of the sump.

21.6.3 Service Rating

All equipment shall be of type suitable for Class A-1 service (standby).

21.7 Manufacturing Requirements

21.7.1 Design Safety Factors and Other Requirements

Calculations of all structural members shall include allowance for vertical impact of
25% of live load and for lateral impact of 20% of combined weight of hoist, trolley
and live load.

.  



Live load deflection of bridge girder shall not exceed 1/600 of the span.B.  

The design of the hoist cables shall be based upon a safety factor of 5 to 1 throughout,
based on the ultimate strength of materials.

C.  

All equipment utilizing structural steel or supporting structures shall be designed in
accordance with the specifications of the American Institute of Steel Construction,
current edition, and where welding is employed, such work shall be designed in
accordance with the standards of the American Welding Society.

D.  

21.8 Bridge Structure
The bridge structure shall be designed and fabricated as a complete integral structure comprised of
girder, outrigger channel, bracing, end trucks and drive unit, with only such parts removable as required
to facilitate the erection or maintenance of equipment.

21.9 Wheels, Axles, Gears and Bearings
All wheels and gears shall be mounted so that they may be removed without disassembling any major
part of the crane.

The bridge drive wheels shall be connected by a squaring shaft through intermediate gearing.

21.9.1 Wheels

Wheels shall be of the double flanged type made from steel. The wheels shall have deeply
treated (chilled) treads and shall be ground to equal diameters in matched pairs to fit the
rails on which they are to operate.

21.9.2 Axles

Wheel axles may be of the stationary or rotating type, and shall be made from high carbon
steel. Where rotating type axles are used, wheels shall be pressed on their axles and the
driving wheels keyed to their axle. The axle bearing assemblies shall be supported in
diagonally split bearings. Where stationary axles are used, they shall be machined to receive
the roller bearings.

Axles shall be prevented from turning or rotating end wise by means of a key plate fitting
into a milled slot in the end of the axle and bolted to the end trucks.



21.9.3 Gears

All gear teeth shall be machine cut from solid stock.

Spur gears and pinions shall be made from high carbon steel forgings and shall have 14-1/2
or 20 degree stub teeth, heat treated, as required.

Worm gear sets shall consist of a forged steel worm with ball bearing thrust and a bronze
worm wheel made from special gear bronze.

All gears in the hoist gear train shall be made from steel.

21.9.4 Bearings

Bearings shall be high grade, heavy duty, ball or roller bearings as the location may require.
All bearing housings shall be equipped with grease fittings.

21.10 Bridge Drive

21.10.1 General

Bridge movement shall be single-speed with electric motor drive.

21.10.2 Bridge Motor and Machinery

Bridge drive shall consist of an electric motor driving a cross shaft through a fluid coupling
and a self-contained spur or worm gear speed reducer unit and including a bridge brake. The
cross shaft shall be supported at not less than 7'-0" centers by antifriction bearings with
grease fittings.

The bridge motor, fluid coupling, speed reducer unit, and bridge brake shall be
independently mounted on a common base in a horizontal plane with cross shaft. Driving
pinions and gears shall be mounted on short shafts to facilitate handling when replacements
are necessary. The bridge brake shall be mounted so that the bridge motor armature may be
removed without dismantling the brake.

The bridge motor shall be as specified in Subsection 21.11.2 hereinafter.



21.11 Hoist and Trolley

21.11.1 General

The hoist machinery shall consist of an electrically-driven train of spur gears, electrical and
mechanical load brake, and a right- and left-hand grooved drum lapping. The trolley shall be
integral with the hoist, but with a separate electric drive motor.

21.11.2 Hoist Motor

The hoist shall be powered by a single speed, 480 volt 3-phase, A.C., 60-hertz motor, totally
enclosed type, for crane and hoist service, 30 minute duty, 55 degrees centigrade
temperature rise.

21.11.3 Trolley Motor

The trolley shall be powered by a motor as specified under Subsection 21.11.2 above.

21.11.4 Brakes

The hoisting mechanism shall be equipped with quick acting, positive, electrical and
mechanical load brakes, to hold and control the load.

The electric brake shall be spring set and released by a solenoid magnet whenever current is
flowing to the motor. Brake shall be of the shoe or disc type and easily adjusted for wear.

The automatic load brake shall be of the double disc type with large friction surfaces and
shall operate in oil.

21.11.5 Switches

The hoist shall be equipped with an upper limit switch to prevent over travel of the hook
block.

The hoist shall be furnished with an adjustable lower limit cut-out switch, set to prevent
unreeling of the entire cable from the drum.



21.11.6 Drum

The hoisting drum shall be a right and left hand grooved drum. The hoisting motor shall be
geared to the drum with suitable reduction gearing.

The hoist cable shall be securely attached to the drum by means approved by the State
Industrial Safety Commission.

Enough cable and drum capacity shall be provided so that when the full specified length of
cable (hook touching sump floor) is unravelled, at least 3 laps of rope remain on drum.

21.11.7 Hoisting Rope

The hoisting rope shall be of an extra flexible construction and of a proper size to give a
safety factor of at least five when fully loaded.

21.11.8 Hoisting Tackle and Hook

The hoisting tackle shall consist of a safety type lower block and hook with necessary
sheaves and hoisting rope. The lower block shall be a heavy steel housing to support the
sheaves and hook. The hook shall be forged steel and shall be supported on a ball bearing
thrust. The hook shall have a safety clasp, spring loaded, to protect the load from being
released from the hook when the tension on the cables are released.

Sheaves shall be of a heavy pattern and shall have deep flanges and shall be properly
grooved to fit the rope and properly guarded.

21.11.9 Trolley Stops

To prevent any part of the crane trolley projecting beyond the end of the crane bridge,
rubber bumper trolley stops are to be provided on the bridge.

21.12 Power Supply and Control

21.12.1 Power supply

Power supply shall be 480 volt, 3-phase A.C., 60 hertz, delivered to a junction box mounted
at the southwest corner inside of the wall of the building, at an elevation of twenty feet
above floor level.

Supply from junction box to the bridge crane may be by reel or by tagline and suspended



conductor cable, but in either case the conductor cable shall not sag below the underside of
the crane rail support beams when the bridge crane is at the easterly limit of its travel. A reel
or tagline and suspended conductor cable of identical type to the above shall also be
mounted on the bridge to supply power to the hoist and trolley motor. Conductor shall not
sag below level of bottom of hoist reel when hoist is at limit of travel in either direction.

21.12.2 Control

Control of hoist, trolley and bridge movement shall be from a pendant push button station
with 110 volt circuits and with bottom of station four feet above engine room floor. The
pendant shall be grounded and shall be shock-proof, and control shall be suitable for 1/8
inch increment inching movement. The pendant station shall also incorporate a strain chain
running parallel to the cable, and shall be fully-floating, suspended from a track under the
outrigger channel.

All electrical work shall be installed according to the National Electrical Code, the State
Building Standards, Basic Electrical Regulations and all local regulations.

21.13 Measurements and Clearances
Provision must be made to provide suitable clearances overhead and at each end of the crane so there will
be no interferences between the crane and any parts of the building or building obstructions, except that
hoist hook in highest position may be permitted to lay on office roof with hoist over office.

21.14 Operating Tests and Adjustments
Upon completion of installation, the entire system shall be thoroughly lubricated, aligned, and adjusted.
The bridge crane installation shall be tested by an agency approved by the State of California. The crane
shall be tested according to the provisions of Sections 5021 through 5023 of the State Industrial Safety
Orders. The testing agency shall certify the bridge crane installation after satisfactory completion of all
tests.

21.15 Painting
Refer to and comply with Section 25: Protective Coatings and Tape. All exposed ferrous metal surfaces
except those in rolling or sliding contact shall be thoroughly cleaned and be given one coat of primer
followed by two coats of machinery enamel. The rails, bridge structure, hoist, hook and the supporting
load block shall be painted OSHA yellow. Rail beams shall be painted Long Beach blue. All painted
surfaces shall be touched up as necessary after installation.



21.16 Name Plates
Name plates shall be permanently attached to the bridge and load block showing capacity in short tons of
2,000 lbs.

21.17 Maintenance and Operations Manuals
The Contractor shall furnish eight operating manuals, repair and parts catalogs bound together as
specified in Section 2.

21.18 Payment
All costs for the bridge crane and related items including all costs for testing and certification as
specified in this section shall be included in the price bid for Item 38.

Go to Section 22
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22.1 General
The electrical work shall include the furnishing of all electrical equipment, apparatus, fixtures, and accessories
shown or specified, the furnishing of all labor and equipment required to make installation of same, and the
complete wiring, connecting testing, and making the electrical systems for use (except as specifically modified
on the drawings and specifications). Furnishing of pump motors is not included in this section. All electrical
equipment shall be the latest production model of a manufacturer who has produced this type of equipment for
at least three (3) years.

22.2 Work Included In This Section
The work of this section includes, but is not limited to, the following major items and all work relatively
incidental thereto:

22.2.1 Two electric underground services, 120/240 volt single phase, three wire, for
lighting and receptacles and 480 volt, three phase, four wire, for power.
Contractor shall pay established costs for electrical services to be furnished by
utility company.

22.2.2 Underground telephone service and conduit system.
22.2.3 Complete interior and exterior lighting including lamps and ballasts.
22.2.4 Complete receptacle system.
22.2.5 Complete main switchboard assembly, including motor control units.
22.2.6 Connections to electric pumps, natural gas engines and their associated

controls.
22.2.7 Connections to recording instrument panel.
22.2.8 Furnish and install intrusion alarm system.
22.2.9 Furnish and install heating equipment.
22.2.10 Connect all electrical equipment.
22.2.11 Tests.



22.3 Work Not Included in This Section

22.3.1 Electric motors for pumps.
22.3.2 Recording instrument panel.
22.3.3 Water level recording system.
22.3.4 Gas detection system.
22.3.5 Telemetering system.

22.4 Special Provisions

22.4.1 General

The Contractor shall make all necessary provisions throughout the building for the installation of
proper backings, supports, inserts, anchors, and bolts for the hanging and support of all electrical
fixtures, conduit, panelboards, and switches, and also all provisions required for coordination of
the work.

22.4.2 Regulations and Codes

Work and materials shall conform to the latest rules of the National Board of Fire Underwriters,
wherever standards have been established and label service is regularly furnished, all local and
state ordinances, electrical regulations from Long Beach Municipal Code, the State of California
Administrative Code (including Title 24, Part 3 Electrical Regulations), the State Fire Marshal and
all prevailing rules and regulations. Nothing in these specifications shall be construed to permit
work not conforming to the most stringent of applicable codes.

Should any changes be necessary in the drawings or specifications to make the work comply with
these requirements, the Contractor shall notify the Engineer at once and cease work on all parts of
the contract which are affected.

22.4.3 Drawings and Intention

Accompanying drawings and schedules are for the convenience of the Contractor and indicate
minimum requirements. Locations shown on the drawings are reasonably correct but their
absolute accuracy cannot be implied or assumed. The exact locations, levels, and distances shall
be governed by the actual construction and field measurements made by the Contractor.

It is the intention of these specifications and drawings to secure an electrical installation complete
in every detail. The Contractor shall not omit or fail to furnish any necessary or required element
or part because of failure of City to specify or name such element or part.

Interpretations as made by the City shall govern the work and the Contractor's bid shall include all
work and costs incidental to the carrying out of such interpretations.



22.4.4 Record Drawings

Provide and maintain in good order a complete set of electrical contract prints. All changes to the
contract shall be clearly recorded on this set of prints. At the end of the project, the Contractor
shall transfer all changes, in ink, to two sets of prints for submission to the Engineer. The first
sheet of each set shall be signed by the Contractor and Inspector as being a correct and accurate
record of the installation. Prints will be furnished to the Contractor by the City when requested.

22.4.5 Shop Drawings

The electrical drawings shown are diagrammatic only. The Contractor shall submit complete
electrical working drawings (shop drawings) as required in Section 2, prior to starting any
electrical work.

22.4.6 Coordination

The electrical work hereinunder shall be coordinated by the Contractor with the work specified
under other parts of these specifications and with the serving utility company's requirements.

If any project work must be altered due to lack of coordination by the Contractor, he shall be
responsible to correct any such work at his own expense to the full satisfaction of the Engineer.

22.4.7 Guarantee

All materials and equipment provided and installed under this part shall be guaranteed by the
Contractor for a period of two years from the date of acceptance of the work by the City, as
specified in Section 2.

22.5 Materials

22.5.1 General

All materials, including equipment, accessories, fixtures, fittings, and all elements and parts shall
be new.

Manufacturer's names and trade names identified with certain materials are mentioned on the
drawings and in the specifications. Products of other manufacture may be permitted on an "or
equal" basis provided that such approval is first obtained from the City. Reference is made to
Section 2.

Approved materials shall be selected from those listed in the publications of the Underwriters
Laboratories, Inc., entitled "Electrical Equipment List." The materials shall bear the labels where



labels are indicated to be used in said publications. Any materials not listed shall have specified
approval by the City before they are to be used in this work. Materials not having this approval
shall not be kept at the construction site. All material for the same purpose shall be of the same
make and quality throughout the work and as hereinafter specified. Capacities, sizes, and
dimensions given are minimum unless otherwise indicated. In addition, where maximum
dimensions are indicated, due to space requirements these maximums shall be maintained. All
manufactured materials shall be delivered and stored in their original containers which shall
indicate clearly the manufacturer's name, the brand, and identifying number. Equipment shall be
clearly marked or stamped with the manufacturer's name and rating.

As a part of his submittal for mechanical and electrical work, the Contractor shall furnish the
Engineer within sixty (60) days after award of contract, eight (8) copies of a complete list of the
materials showing the manufacturers of the equipment designated to be installed. Materials which
have not received the approval of the Engineer shall not be incorporated into the work.

The Contractor shall be entirely responsible for all electrical materials, appliances, fittings,
fixtures, assemblages, and parts delivered to the site of the work to be installed by him and shall
provide for their storage and protection during storage and during construction. Damaged
materials shall be removed and replaced at the Contractor's expense before the final inspection and
approval.

22.5.2 Conduit

Conduit shall comply with the requirements of the Underwriters Laboratories, and shall be
delivered to the site in standard lengths, with each length bearing manufacturer's trademark or
stamp and Underwriters label. Rigid conduit shall be used throughout except for connections to
equipment and shall be standard weight, rigid steel, hot-dipped galvanized, whether inside or
outside the building, under floor, in concrete, in contact with earth or in damp location.

Couplings and connectors shall be galvanized and shall not be the indent type, set screw type or
similar, but shall be of the screw thread type. Conduit ells shall be of the same material make as
the conduit. The radius of the curvature must not be less than six (6) times the internal diameter of
the conduit and the enclosed angle not less than ninety (90) degrees. Minimum conduit size shall
be 3/4 inch. Conduit underground shall be installed a minimum of 18 inches below the finished
surface and encased in concrete.

Conduit fittings shall be used in place of bends on all 1-inch or larger conduit runs exposed in the
engine room. Use of conduit bends in lieu of fittings will be permitted only at inaccessible
locations.

Conduit and fittings exposed in the pump pit shall be epoxy coated.

Flexible conduit shall be liquid-tight neoprene jacketed "Sealtight" flexible conduit with
liquid-tight compression type connectors, and bonding grounding conductors.



22.5.3 Wire and Cable

All wire shall be delivered to the site in unbroken packages and packages shall be inspected and
approved by the Engineer before opening. Packages shall be plainly marked or tagged as follows:

22.5.3.1 Underwriters labels.
22.5.3.2 Kind, size and insulation.
22.5.3.3 Name of manufacturing company and trade name.
22.5.3.4 Month and year when manufactured, which date shall not exceed eight (8) months

prior to the date of delivery at the site.

Wire and cable operating at 480 volts and less shall be insulated for 600 volts, National Electrical
Code standard of type specified below and shall comply with the requirements of the Underwriters
Laboratories standard for wire and cable rated 600 volt.

Conductors shall be copper and sizes larger than #8 shall be stranded. Conductors of the following
types shall be used in the following locations:

22.5.3.5 Light and power circuits:

Conductors shall be Underwriters type THHN or THWN. Minimum size of
conductors shall be #12 AWG, except control wiring which can be #14 AWG, and
where specifically noted otherwise.

22.5.3.6 Line voltage control circuits for mechanical equipment shall be 600 volt,
Underwriters type THWN conductors.

22.5.4 Bushings and Locknuts

Bushings and locknuts and similar devices shall be galvanized up to 1-inch conduit. Aluminum
die-cast or pot metal fittings will not be accepted. Insulating bushings shall be used for conduits
over one inch.

22.5.5 Splices in Wire and Cable

Make joints, splices, taps, and connections for 600 volt conductors with solderless connectors
approved by the Engineer. Approved connectors are:

22.5.5.1 For wire #10 AWG and smaller:
22.5.5.1.1 "Scotchlok".
22.5.5.1.2 Ideal (set screw type) connectors.
22.5.5.1.3 Buchanan connectors.
22.5.5.1.4 Marr connectors.

22.5.5.2 For wire #8 AWG and larger:
22.5.5.2.1 T & B "Lock-Tite" connectors.
22.5.5.2.2 Brandy Versitaps and heavy duty connectors.
22.5.5.2.3 O.A. solderless connectors.



22.5.5.2.4 Trumbull solderless connectors.

Tape all connections with Scotch Tape #33 or a City-approved equal.

22.5.6 Outlet Boxes

Outlet boxes and covers shall be pressed steel knockout type for concealed mounting and shall be
hot-dipped galvanized. All boxes shall be of proper code size for the number of wires or conduits
passing through or terminating therein, but in no case shall any pressed steel box be less than 4
inches square unless specifically noted as smaller on the drawings. Boxes at end run and
containing a single device may be of the handy box type. Covers for flush outlets shall finish flush
with the finished surface. Approved factory-made knockout seals shall be used in all boxes where
knockouts are not intact. Boxes in concrete shall be a type which will allow the placing of conduit
without displacing the reinforcing bars. Outlet boxes shall be used as pull boxes wherever
practicable.

Light outlet boxes shall be equipped with fixture supporting devices as required by unit to be
installed. Fixture weights in excess of 6 pounds shall not be supported by outlet box cover screws.

Switch outlet boxes shall be solid gang boxes. Where two switches are installed in one box,
4-11/16 inch square by 2-1/8 inch deep boxes will be minimum size allowed.

Outlets for exterior mounting shall have weatherproof connections all around; boxes shall have
suitable gaskets.

22.5.7 Junction and Pull Boxes

Pull boxes shall be installed in all conduit runs wherever indicated and/or where necessary, in
order to facilitate the pulling of wires or cables. Boxes shall be provided with removable covers,
secured with machine screws. Where more than one junction box is used in any room, the junction
box covers shall be identified. All surfaces of boxes and covers, inside and out, shall be given a
primer coat and one coat of gray paint. Conduit shall enter the boxes through tight fitting, bored or
punched holes, and shall be secured to the boxes with double locknuts and bushings.

22.5.8 Wiring Devices

Duplex convenience outlets shall be grounding type, ivory, and shall have two current-carrying
parallel contacts and one "U" shaped grounding contact which is internally connected to the
receptacle frame, and shall be rated 20 amperes, 125 volts. The duplex convenience outlets shall
meet Federal Specification W-C-596 (D4 and D8).

Receptacle shall be one of the following:



Manufacturer

Hubbell
Arrow-Hart

Bryant
General Electric

Sierra

Catolog Number

5352-1
5735-S1
5352-1

GE-4108-2
1462

Local switches shall be AC "T" rated specification grade, "Quiet", ivory, totally enclosed, of
bakelite base toggle type and shall meet Federal Specification W-S-896. Switch ratings shall be in
accordance with the following table of loads:

Watts

0 to 1400 W @ 120 V

1400 to 1920 W @ 120 V

Rating

15A, 120-277 V AC

20A, 120-277 V AC

Local switches shall be as manufactured by one of the following:

Hubbell, Arrow-hart, General Electric, Bryant or Sierra.

22.5.9 Plates

Plates shall be supplied for every local switch, receptacle, telephone outlet, and similar items. All
switch plates shall be furnished with engraved or etched designations under any one of the
following conditions:

22.5.9.1 Switches at which the equipment or circuit controlled cannot readily be seen
at the switch location.

22.5.9.2 Where so indicated on the drawings.

Plates shall be of the best quality molded bakelite, of ivory color, equal to Sierra "P-line", or
Bryant Uniline, or a City-approved equal, in all finished locations, and .040" satin-finish stainless
steel plates in motor room. Install weatherproof plates where exposed to weather or called for on
drawings.

22.5.10 Name Plates

Provide engraved laminated plastic (black-white-black) nameplates for switchboard, motor
starters, panelboards, transformers, and all other fabricated equipment. Size of engraved letters
shall be 1/4 inch high minimum. Letters shall be vertical and shall be upper case. Submit shop
drawings for proper size and nomenclature.

22.5.11 Gutter

Gutter shall be of the lay-in duct flangeless or concealed flange type and shall be furnished as a
complete and continuous raceway. Gutter shall be sized as indicated and shall be equipped with
hinged cover. All fittings and hanger facilities shall be furnished and installed to provide a



completed raceway, connectors at terminations. Threaded screws shall be used at each connection
so that complete electrical continuity will exist.

22.6 Electrical Devices

22.6.1 Motor Starters

Motor starters shall be Allen Bradley Bulletin 713 (or Cutler-Hammer, Square-D, Westinghouse,
or General Electric equivalent), Type I, across-the-line combination circuit-breaker, magnetic
starter with three overload elements. Circuit-breakers shall be as described herein. Selector
switches and "push-to-test" 6 volt pilot lights in the covers as shown shall be Bulletin 800T.

22.6.2 Circuit-Breakers

Circuit-breakers shall be automatic trip-free, quick make, quick break, thermal-magnetic type, bolt
on type, with handle clearly indicating tripped position. Breakers shall be of sizes and
arrangements shown with voltage rating as required. All breakers shall be rated to interrupt
maximum short circuit amperes. Breakers shall meet with the Underwriters requirements
concerning harmless momentary overloads, and all breakers shall be provided with accessories for
locking the handle in the "off" position.

Motor starter for the submersible pump shall meet additional requirements for ambient
compensated quick trip overloads on all three phases. Provisions shall be made for connecting the
internal motor thermal units into the holding coil circuit. A moisture sensing warning light shall be
provided on the starter.

22.6.3 Control Relays

Control relays shall be machine tool type with contacts rated 10 amperes at 600 volts open type.
Provide contacts and coil voltages as indicated. The relays shall be General Electric Class
CR2811A, Square-D Class 8501 Type D, or equivalent by Cutler-Hammer or Westinghouse.

A Warrick relay Type 2800 shall be provided for submersible pump motor moisture sensing
circuit.

22.6.4 Sequence of Start Timers

Timers shall be equivalent to Microflex Reset Timer No. HA43-D6-C221, as manufactured by
Eagle Signal Co., or equivalent by Paragon, or a District-approved equal.

Timing intervals shall be set as follows:

Pump #1 - 0 seconds



22.6.5 Time Delay Relay

Time delay relay shall have poles as indicated on plans and contacts rated 10 amperes at 480 volts.
Coil voltage shall be as required. Timing range shall be 0 to 3 minutes with "on" delay. Square-D
Class 9050, Type B, General Electric No. CR 2820B, or City-approved equal.

22.6.6 Dry Type Transformer

Transformers shall be indoor, dry type, self-cooled, with Class B insulation, 80 degrees C. rise.
KVA and voltage rating shall be as indicated. Transformers shall be switchboard mounted as
shown and shall be mounted on Korfund, or Vibra-Check, or City-approved equal vibration
mounting pads.

22.7 Switchboard
The design of all current-carrying devices and parts of switchboard shall conform to the latest standards
specified in the related sections of NEMA and IEEE Standards except as these characteristics may be modified
herein. The switchboard shall include all items shown or listed on the drawings for the switchboard, including
internal wiring and connections. Switchboard shall meet requirements of serving utility.

The standard test for all switching and control apparatus systems 60 to 600 volts shall be 1500 volts, for one
minute. Where standards on devices used on this equipment call for a lower test voltage, such devices may be
disconnected during the test. Voltage tests shall be made in accordance with American National Standards.

All switchboard sections shall be constructed of stretcher leveled code gauge steel. All holes, supports, studs,
and openings shall be standardized to enable interchange of interior and front cover units. All sections shall be
fabricated with right angle corners and plumb edges and surfaces. Each section shall be formed steel
construction welded together to form a rigid, self-supporting, floor standing unit. Switchboard shall be NEMA
1 indoor construction.

Circuit-breakers shall be as described on the drawings. Circuit breakers shall have an interrupting capacity of
not less than 12,000 RMS amperes, symmetrical, at 480 volts.

The enclosure shall be parkerized or bonderized as a unit after all welding has been completed, then painted
with a rust-resisting primer coat of paint. The back of the enclosure and the interior shall be finished with a
coat of light gray baked enamel, and the front, top, and exposed sides shall be finished with a scratch-resistant
silver-gray hammerstone finish.

All wiring gutters shall extend the full depth of the switchboard from front to back.

Watt-hour meter socket, RKVA meter socket, current transformer area, switchboard layout and equipment shall
conform to the serving utilities requirements.

The service shall be three phase four wire with 50 percent neutral. The neutral shall be grounded in the
metering section of the switchboard. A ground fault relay with shunt trip on main breaker shall be provided for
main switchboard ground fault protection.

Bus bars, connection bars, and wiring on the back of the switchboard shall be arranged so that maximum



accessibility is provided for cable connections. Bus bars shall be copper and rated to carry not less than the
ampere rating of the main breaker. Bus bars shall be braced to carry not less than 12,000 amperes. Bus shall be
three phase, 4 wire, in metering section and 3 wire in other sections of switchboard.

Consideration shall be given to the arrangement of cables so they may be connected to the switchboard in an
orderly manner. Electrical clearance between parts of opposite polarity and between live parts and ground shall
conform to the National Electric Code. Provide a minimum vertical clearance of 12 inches between the
terminals and the bottom of the switchboard enclosure.

A ground bus with a capacity equal to at least 1/3 of the capacity of the largest circuit shall extend throughout
the entire length of the switchboard assembly. Each housing of the assembly shall be grounded directly to this
bus.

All connections between bus bars shall be made by drilling and tapping the bus bars and attaching the breaker
jumper bars with cap screws. Connections shall be arranged so that individual breakers from fifteen (15) to
eight hundred (800) amperes may be removed and/or added without interference to the continuous operation of
the entire switchboard section or the individual adjacent breaker units in the same panel. Switchboard shall be
Square-D Type CBs, Cutler-Hammer Type CBN, General Electric AV line, or City-approved equal.

22.8 Panelboards
Panelboards shall be dead-front, safety type, equipped with circuit-breakers and shall be mounted as indicated.
Bus bars shall have lugs for connection to 3 wire, 1 phase, 120-240 volt feeder, and provided with the number
and size of single or double pole, branch circuit-breakers, as required by the panelboard schedule and diagrams
on the drawings. Plug in circuit-breakers are also acceptable. Circuit-breakers shall have an interrupting
capacity of not less than 10,000 RMS amperes at 120/240 volts.

Furnish and install in the space provided on the back of the panel board door, a neatly typewritten list of all
circuits. Lists shall be under clear glass or 1/32-inch Lucite, a minimum of 6 inches wide and shall clearly
indicate the equipment supplied by each circuit.

22.9 Meters

22.9.1 Elapsed Time Indicator

Indicator shall have 3-1/2-inch commercial case reading to 99,999 hours plus tenths of hours and
rated 480-volts, 60 hertz. General Electric No. 50-236302ACAA1, or equivalent by Hobbs.

22.9.2 Ammeter

An ammeter shall be furnished and installed on the switchboard for each electric motor driven
pump as indicated on the drawings. Ammeters shall be 4-1/2 inches square panel mounting type
and shall be equipped with necessary transformers and accessories required to provide readings as
indicated below. Ammeters shall have an accuracy of one percent or better, and a 250 degree



scale.

The ammeter ranges shall be:

0 - 300 amps for 150 HP motor
0 - 30 amps for 15 HP motor

22.9.3 Voltmeter

A voltmeter and voltmeter switch shall be furnished and installed on the switchboard to check line
voltage. Voltmeter shall be a 4-1/2" square panel mounting type with an accuracy of one percent
or better, and a 250 degree scale. The voltmeter range shall be 0-600 volts.

22.10 Electrical Equipment

22.10.1 Lighting Fixtures

The type of fixture for each location is denoted on the drawings. Fixtures shall be as shown in the
fixture schedule and all fixtures of each type shall be by one manufacturer. A fixture shall be
installed on each lighting outlet. Fixtures shall be inspected, approved, and labeled by
Underwriters' Laboratories, Inc.

22.10.2 Lamps

22.10.2.1 Fluorescent Lamps

Fluorescent lamps shall be standard cool white, rapid start lamps, manufactured by General
Electric, Sylvania, or Westinghouse, in accordance with fixture requirements of those fixtures
shown in the fixture schedule.

22.10.2.2 Incandescent Lamps

Incandescent lamps shall be of highest quality and shall be General Electric Type "G.E. ",
Westinghouse, marked "K", Westinghouse, marked "W", or Sylvania Long Life series. Faulty
lamps shall be removed and new lamps installed leaving fixtures properly operating.

22.10.3 Fluorescent Ballasts

Ballasts shall be rapid start, high power factor, with ETL and CBM labels. They shall be selected
for quiet operation and those which prove to be noticeably noisy shall be replaced at the
Contractor's expense. Ballasts shall be equipped with internally mounted automatic resetting



thermal device.

22.10.4 Wall Heater

Heater shall be rated 3000 watts, 480 volts, 3 phase, 60 hertz and shall be surface mounted wall
type. Heater shall be General Electric No. 2A375G32 or equivalent by Federal Pacific or
City-approved equal. Provide thermostat, 3-pole contactor, and control transformer for heater.

22.10.5 Time Switches

Time switches for lights shall be DPST rated 40 ampere, 120 volt, with skip-a-day dial and shall
be Tork Model No. 7200, Paragon 4003-OS, or a City-approved equal. Time switches for fans
shall be SPDT rated 40 ampere, 120 volt and shall be Tork Model No. 8001, or a City-approved
equal.

22.10.6 Strip Heaters

Strip heaters in motors and switchboard shall be General Electric, Chromalox, or a City-approved
equal with steel sheath mounted on brackets under the coils and connected with two similar 240
volt units in series on 240 volts.

22.10.7 Inlet and Exhaust Fans

The inlet and exhaust fans shall be as specified under Section 24 and shall be connected to their
control switches as indicated on the drawings.

22.10.8 Contact Closures

Dry contact closures for approximately thirteen telemetry functions shall be provided as part of the
electrical work. Interface to the telemetry equipment shall be made by wiring brought to the
telemetry cabinet through conduit or CMT as shown on the drawings.

22.10.9 Intrusion Alarm System

The intrusion alarm system shall consist of a microwave (10.525 GHz) transceiver capable of
detecting the motion of a man-sized object moving at a rate of from three inches per second
(0.1705 miles per hour) to ten miles per hour. It shall be capable of protecting a maximum area of
approximately 24 feet by 75 feet and be capable of having its range extended to approximately 24
feet by 100 feet by utilization of an antenna adapter. The range control shall be adjustable from
zero to full range. A walk test light system shall be provided to aid in proper range adjustment
with provision to disable circuit. Three units are required to cover the total area to be protected
and there shall be compatibility among the units so that, if there is an overlap in the protected
areas, the proper operation of all units will not be adversely affected by the simultaneous operation



of the other unit. The total area to be protected is indicated on the plans, and an isolating switch
shall be provided and located in the office to enable the system to be deactivated by authorized
persons.

The transceiver shall have tamper-proof circuitry to provide protection against unauthorized
opening of unit. It shall also have circuitry which monitors all electronics so if any component
should malfunction or fail, the system goes into alarm. It shall have ability to discriminate against
electrical noise, random motion and transients that can cause false alarms. All electronics shall be
within the transceiver and shall operate from the output of separate 12 volt transformer supplied
with 115 volts +15%, 50/60 hertz, single phase. A standby power supply shall be installed as a
part of the system. The standby unit, in the event of primary power failure, shall be capable of
maintaining normal operation of the system for a minimum of four hours. The standby unit shall
be automatically recharged when primary power is restored. The alarm output from the transceiver
shall be a set of single pole double throw contacts. All parts of the alarm system shall be by the
same manufacturer and purchased as a system. The system shall be a product of Advanced
Devices Laboratory, Inc., Model 2202 Transceiver, 2230 standby battery and T-503 Transformer
or a City-approved equivalent.

22.11 Installation

22.11.1 Conduit

Horizontal conduit runs in the building shall be embedded in the concrete structure throughout.
Stub-ups shall be accurately located to ensure flush concealed mounting of outlet boxes in
concrete block walls. Vertical conduit runs in the building shall be exposed on the inside of
concrete block walls. No exposed conduit will be permitted on outside walls.

Conduit runs shall be parallel with supporting walls, beams, or ceilings and with each other.
Right-angle turns shall consist of cast metal fittings or symmetrical bends. All runs of conduit
shall be installed in a manner to avoid trapped condensation. Liquid-tight flexible conduit shall be
used for motor connections or other equipment subject to vibration.

All control apparatus, outlet boxes, junction or pull boxes, and other similar equipment shall be
installed and maintained in accessible positions and locations.

Conduit shall not be run closer than 6 inches to any source of heat.

Conduit ends shall be reamed and shall be made to butt in the center of the coupling. The use of
running threads is prohibited.

Telephone conduit runs shall have not more than 2-90 degree bends. All other conduit runs shall
have not more than three 90 degree bends between pull boxes.

A nylon pull cord shall be installed in all wiring conduit including stub-outs which will not have
conductors installed under this section of the specifications and which sections or lengths are five
feet or longer.

Conduit shall be installed as a complete system, continuous from outlet to outlet, cabinet, box, or



fittings and shall be so mechanically and electrically connected that adequate electrical continuity
from one conduit to another and from box to box is obtained.

Where rigid conduit is supported from building members, supports shall be installed as follows:

Supports shall be installed within 18 inches of each outlet box and on each side of each coupling
or connector and at a spacing not to exceed 8 feet.

Nails, perforated strap, or plumbers tape shall not be used for support of conduit. Wooden plugs
inserted in masonry or concrete shall not be used as a base to fasten supports.

Separate conduits shall be used for each home run indicated.

22.11.2 Wire and Cable

All wire and cable shall be installed in hot-dipped galvanized rigid conduit.

All single phase equipment and lighting shall be wired so that there is a minimum of unbalance
between phases. Conductors shall be continuous and the lengths such that no splice will occur
except within outlet or junction or pull boxes, panelboards, switches, motor starters, or other
similar devices or equipment. Neutral conductors of each circuit shall run directly to the panel and
shall not be connected to other neutral conductors.

All lighting and power circuits shall be identified by panel letter and circuit number with
wrap-around self-adhesive cloth wire markers at all terminations and junctions. The wire markers
shall be "Brady", "E-Z-Code" by Westline or a City-approved equal.

Feeders shall be identified by number and phase with wrap-around self-adhesive cloth wire
markers in pull boxes and at all terminations and junctions.

22.11.3 Fixtures

Fixtures shall be properly and securely installed, level, plumb, and in line, on outlets, and
connected to the wiling, ready for operation.

Each fixture shall be completely and properly assembled, with screws and nuts tight, and parts
securely mounted. Any missing or necessary additional parts, wire, screws, nuts, washers,
locknuts, bushings, or similar items shall be furnished and installed by the Contractor to make the
fixtures and the installation complete, safe and substantial. Parts, including paint and finish, shall
be clean and undamaged, and the entire installation shall be satisfactory to the Engineer.

22.11.4 Mounting Height of Equipment

Unless specified elsewhere or shown on the plans, the following mounting heights shall apply:

Receptacles (convenience)

Office 12" finished floor to centerline



Pump Room 48" finished floor to centerline

Switches (wall) 50" finished floor to centerline

Telephone 12" finished floor to centerline

22.11.5 Sleeves, Inserts and Openings

Provide and install all sleeves, inserts, anchor bolts, and similar items required for the installation
of the work as the general construction work proceeds and at sufficient time in advance of needs,
advise the other trades of any required provisions to accommodate the work. Insofar as possible
the work shall be installed without cutting, boring, or notching any part of the structure, but should
cutting, boring or notching of the structure be required, due to failure to install the work at the
proper time, the necessary operation shall be carried out under the direction of the Engineer and
made good to his satisfaction, at no cost to the City. Conduits which pass through slabs on grade
shall be placed before the concrete is poured.

22.11.6 Grounding

Make good contact at all panel boxes, outlet boxes, and junction or pull boxes to the conduit
system.  Use approved bonding materials.  Service neutrals shall be grounded by a ground
conductor to metallic cold water mains.  Ground rods shall be used where non-metallic water
mains are installed or dielectric couplings are utilized and also shall be bonded to the cold water
piping system within the building.  All equipment, including switchboards, conduit systems,
motors, and other applicable apparatus, shall be grounded by a conduit or insulated conductor to
grounding system as indicated.  Wiring to ground rods shall be routed to avoid damage to pump
station water-proofing.

Ground rods, where used, shall as far as practicable, be embedded below permanent moisture
level.  Ground tests shall be made with a "megger" type instrument.  Should ground resistance
exceed 25 ohms.  Additional rods shall be driven until a reading of 25 ohms or less is achieved. 
Driven rod electrodes, except where a rock bottom is encountered, shall be driven a minimum
depth of 10 feet regardless of the size and number of electrodes used.  Ground rods shall be of
copper clad steel not less than 8 feet in length and not less than 3/4 inch diameter.

22.11.7 Tests

Upon completion of the work and adjustment of all equipment, all systems shall be tested under
the direction of the Engineer to demonstrate that all equipment furnished and installed and
connected under the provisions of these specifications shall function electrically in the manner
required.

All systems shall test free from short circuit and grounds, shall be free from mechanical and
electrical defects, and shall show an insulation resistance between phase conductors and between
phase conductors and ground, not less than the requirements of the National Electrical Code.  All
circuits shall be tested for proper neutral connection.



Contractor shall check the service voltage under maximum load and no load and shall, if voltages
and regulations are not within acceptable limits, arrange with the utility company for proper
voltage.  Contractor shall submit to the Engineer a report showing service voltages at full load and
no load.

22.12 Payment
All costs for electrical work as specified herein shall be included in the lump sum bid for Item 54.

Go to Section 23
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23.1 General
Pump control and water level recording systems shall be furnished and installed as shown on the drawings. The water
level control system shall consist of a nitrogen storage cylinder, high pressure regulator, constant flow regulator with
sight feed bubbler, recorder, pressure gauge, needle valves and a sensing line into sump complete with watertight
sleeve at floor. The main pump and sump pump controls (on-off) shall be a separate system using entrapped air tubes
as shown on Sheet 21 of the drawings.

Recording instrument panels shall be furnished and installed consisting of three recording tachometers and one
recording wattmeter complete with indicating lights, alarm bell, bell silence pushbutton, bell silence relay, light
control relays, and wattmeter disconnect switch.

Location of panels and equipment shall be as shown on the drawings.

23.2 Water Level Recording System

23.2.1 Water Level Recorder

The recorder shall be a Model 1 G 500-15-ELAX-Z131X with 400-20 milliamp output signal as
manufactured by Bristol or equivalent by Fischer Porter Co., or a City-approved equal. The recorder
shall be for 12-inch size charts, and case shall be black enameled, cast aluminum, dust and moisture
proof for wall mounting with bottom connections. Recorder shall be 110 Volt A.C. operated seven (7)
day chart drive. The measuring system shall be gas-bubbler type and pressure element shall be capsular
N1 Span C. Range on instrument shall be 0-15 feet. The instrument shall have 2 high and 2 low alarm
contacts for telemetering signals to central control station. The recorder shall be wall mounted as shown
on the drawing on a 3/4" waterproof plywood panel. The Contractor shall submit a working drawing
showing layout of components on plywood panel.

23.2.2 Nitrogen Storage Cylinder

Nitrogen cylinder shall be 220 cubic foot standard oil pumped nitrogen cylinders, 2200 p.s.i. pressure
full with a CGA 580 valve for tank connection. The nitrogen cylinder shall have a safety chain as shown
on the drawings to prevent cylinder from accidentally being knocked over.



23.2.3 High Pressure Cylinder Regulator

Cylinder regulator shall be single stage, low flow for oil pumped nitrogen to deliver 50 standard cubic
feet per hour at 45 p.s.i. Regulators shall be equipped with an integral relief valve, 2-inch 0-4000 p.s.i.
cylinder pressure gauge and a 2-inch 0-100 p.s.i. delivery pressure gauge. Tank connection to be CGA
584. Body to be machined from solid brass bar stock. Regulators are to be Millaflow Series No. IR
301B-584CGA-GR, or City-approved equivalent.

23.2.4 Constant Flow Regulator

The constant flow gas regulator with constant differential sight feed bubble chamber and needle valve.
Regulator to maintain 1-1/2 p.s.i. drop across needle valve. Regulator shall be Conoflow Model
DH-41-1088 or a City-approved equal. The bubbler chamber shall be pyrex glass and enough
Dow-Corning 200 silicone fluid with a viscosity of 50 centistokes shall be furnished to fill the glass bowl
of bubbler 1/2 full. The fluid is to be furnished only by the Contractor and will be installed by the City at
the time installation is to be operationally tested. The constant flow regulator and sight feed bubbler
assembly shall be mounted on plywood panel below the level recorder.

23.2.5 Tubing

The sensing line into sump pit shall be thermoplastic polyethylene tubing, 1/4-inch outside diameter,
.040-inch wall thickness and natural color with material conforming to ASTM D 1248, Type I, Class A,
Category 4. The tubing fittings shall be of brass. Tubing shall be strapped to sump walls by stainless
steel clamps at 2 foot intervals.

23.2.6 Needle Valves

Needle valves shall be forged brass of the size and configuration shown on the drawings and shall be
suitable for use with nitrogen. Valves shall be Imperial Eastman Corporation 394 or equivalent by
Dragon Valve Incorporated, or a City-approved equal.

23.2.7 Pressure Test Gauge

A pressure test gauge shall be furnished and installed as shown on the drawings. Gauge shall be surface
mounted, phenol case, adjustable pointer, 6 inch diameter with black figures at intervals of 1 foot and
intermediate graduations at 1/4 foot. Full scale reading shall be 15 feet of water. Gauge shall have an
accuracy of 1 percent over the scale range and shall be Robertshaw Catalog No. 771, equal by Marsh, or
a City-approved equal.

23.3 Pump Control System



23.3.1 Pressure Switches

Pressure switches shall be diaphragm-actuated type, adjustable from .4 to 17.8 p.s.i. in a weatherproof
enclosure with surge damper and dual double-throw snap-action switching elements rated 10 amperes,
125 volts. Unit shall withstand a test pressure of 60 p.s.i. Unit shall be Barksdale No. D 2T-H18 with
40801 surge damper.

23.3.2 Pressure Switch Risers

Pressure switch risers shall be Type II schedule 80 PVC pipe with solvent cement welded fittings as
indicated on the drawings. Pipe size shall be 2" for Pumps Nos. 1, 2, 3 and 4 and 1" for sump pump. The
complete riser installations shall all be air-tight. After installation, the risers shall be checked for
air-tightness by an air pressure test. The bottom end of the riser shall be capped and a pressure of 7 p.s.i.
shall be held for 24 hours.

23.4 Recording Instrument Panel

23.4.1 Recording D.C. Voltmeters (Tachometers)

Speed recorders for the natural gas engine driven Pumps Nos. 2, 3 and 4 shall be Esterline-Angus Model
A, or equivalent by Bristol Company, or a City-approved equal, and two shall be mounted in a twin flush
switchboard case. One shall be mounted in a similar twin case with the recording electric wattmeter.
Chart drives shall be Esterline Angus No. 4 synchronous motor chart drive, hour and minute feed,
3/4-inch per hour speed, with 120 volt, 60 cycle power supply. The meters shall be coordinated with and
connected to the tachometer generator which is mounted on the right angle gear drive as specified in
Section 17 to indicate pump RPM. The charts shall have a 3/4-inch per hour speed calibration; the
divisions shall be so selected that pump RPM will be not less than 75 percent of full chart reading. Six
extra charts shall be furnished for each speed recorder.

23.4.2 Recording Electric Wattmeter

A recording wattmeter shall be provided for the 150 horsepower electric motor driven pump. The
wattmeter shall be mounted in a twin flush switchboard case, together with one recording tachometer.
The recording wattmeter shall have two current inputs and three potential inputs rated 5 amps and 500
volts respectively. Frequency is 60 Hertz and accuracy shall be 1% of full scale. Response time shall be
1-1/4 seconds maximum. Chart drive shall be synchronous motor 3/4 inch per hour speed with 120 volt,
60 cycle power supply, Six extra paper charts shall be furnished for the meter. Wattmeter range shall be
0-300 KW for 150 HP motor.

Recording wattmeter shall be Esterline-Angus Model A, or equivalent by Bristol Company, or a
City-approved equal.



23.4.3 Disconnect Switch for Wattmeter

A disconnect switch shall be furnished and installed directly under each meter to manually disconnect
each recording wattmeter. In the "on" position the wattmeter is connected. In the "off" position the
circuit to the wattmeter potential input is open circuited and the current transformers are short circuited.
Disconnect switch shall be General Electric Type SB, or equivalent by Westinghouse, or a
City-approved equal.

23.4.4 Indicator Lights

Red and green indicator lights shall be furnished and installed on the recording instrument panel as
called for on the drawings. The lights shall have screw terminals and screw-in caps. Indicator lights shall
be 24 volt, D.C. Indicator lights shall be by Dialco 80-3114-1231-301, or equivalent by Drake, or
City-approved equal.

23.4.5 Bell Silence Pushbutton

A momentary closed contact bell silence pushbutton shall be furnished and installed where shown on the
drawing of the recording instrument panel. The bell silence pushbutton shall be Cutler Hammer Catalog
No. 8817K5, or Arrow Hart No. 1020, or a City-approved equal.

23.4.6 Control Relays (Bell Silence and Light)

Control relays shall be machine tool type with contacts rated 10 amperes at 600 volts open type. Provide
contacts and coil voltages as indicated. The relays shall be General Electric Class CR2811A, Square D
Class 8501 Type D, or equivalent by Cutler-Hammer or Westinghouse.

23.4.7 Terminal Strips

Terminal strips for recording instrument panel shall be Square D Type S, or Buchanan Type TC, or a
City-approved equal.

23.4.8 Instrument Panels

Instrument panels shall be code gage stretcher leveled sheet steel cabinets with formed or angle
reinforcing and hinged lockable front panels. Steel shall be bonderized or equal and finished light grey
with baked enamel. The recording instruments, lights, and pushbuttons as specified in the above
paragraphs shall be mounted in the front panels, as shown on the drawings. Each meter, recorder light
and pushbutton shall be clearly identified by nameplates as shown on the drawings.

The Contractor shall furnish and install all required conduits, wires, sleeves, and other materials and
devices for the proper operation of all instruments mounted in the instrument panel in the office. All wire
must be adequately marked for easy identification.

A 3/4-inch thick overlaid plywood panel shall be used to insulate the panel from the wall. The plywood
shall be high density type, overlaid both sides.



23.4.9 Nameplates

Provide engraved laminated plastic (black-white-black) nameplates for the recording instrument panel as
shown on the drawings. Size of engraved letters shall be 1/4-inch high minimum. Letters shall be vertical
and shall be capital. A working drawing shall be submitted for verification of proper size and
nomenclature.

23.4.10 Bell

Bell shall be six-inch diameter industrial type UL approved with an output of 83 db at 10 feet. Unit shall
operate on 24 volts D.C. input. Alarm bell shall be Edwards No. 343-6, or equivalent by Federal Electric,
or City-approved equal.

23.5 Gas Detector
A fuel presence alarm device shall be provided for detecting and indicating the presence of fuel gases or other
combustible gas mixtures.

23.5.1 General Requirements

The gas detector is to be an eight-channel unit with the eight sample points located as follows:         

Main sump room - 4 sample points
Engine room  - 4 sample points

The unit shall contain indicator lights, indicating meter, alarm lights, flowmeter, pump, motor, and all
other components necessary for operation. Unit shall have Amphenol M5-301-16S-IS connector for
telemetry connection.

An explosion-proof, motor driven howler shall be furnished and installed. The howler shall be connected
to the 115 V alarm circuit of the gas detector unit. Howler shall be Benjamin Type EXH No. 8130-115V.

The gas detector unit shall be similar to Gastech Model 1070 as manufactured by Gastech Incorporated
of Mountain View, California, equivalent by Bacharach Instrument Company, Mine Safety Appliance
Company, or City-approved equivalent. Unit shall have Factory Mutual or equal, approval based on
State Division of Industrial Safety Article 4, Section 1532, Title 8.

23.5.2 Operating Requirements

The combustible gas detector unit shall be capable of sequentially sampling the atmosphere at a
minimum of eight points, drawing the samples to a single detector unit and determining in each sample
the quantity of combustible gas present in terms of a percentage of the lower explosive limit (L.E.L.).
Sample sequencing shall be automatic and shall be an integral feature of the detector unit. The detection
technique shall be by means of catalytic combustion of the sample on a platinum element which forms
one leg of a Wheatstone bridge.

The gas detector unit shall be factory calibrated for natural gas and shall be adjusted for the following
conditions:



Low alarm circuit shall be actuated at 5% LEL. The low alarm light shall light and the external
alarm circuits shall be energized. The alarm circuit shall latch on until manually reset.

.  

High alarm circuit shall be actuated at 15% LEL. The high alarm light shall light and the external
alarm circuits shall be energized. The cycling sequence shall stop and hold on the sample point
causing the alarm. The high alarm circuit shall latch on until manually reset.

b.  

A trouble alarm circuit shall energize a trouble light and de-energize external alarm circuits in the
event of failure of current in the power supply or detection circuits.

c.  

23.6 Payment
All costs for furnishing and installing instrumentation as described herein shall be included in the lump sum bid for
Item 55.

Go to Section 24
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24.1 General
The condition and functioning of the pump station shall be continuously monitored and all resulting
information shall be transmitted by telemetry link to the Port Security Office, Berth 11, Pier A, Port of
Long Beach. The Contractor shall furnish and install complete all required equipment as specified herein
for the pump station. The Contractor shall also furnish complete and test the telemetering panel as
specified herein for installation at the remote station by others. By definition, the telemetry equipment to
be installed in the pump station is so referred to and described in this section, and the telemetry panel to
be installed at the Port is referred to as the remote station. The remote station displays status and gives
audible alarms only, enabling suitable response to be made by Harbor Department personnel. No
capability for actual control of the pump station or its machinery is included in the remote station panel.

Equipment for both pump station and remote station shall be compatible with the existing Los Angeles
County Flood Control District Pump Plant Telemetering System.

24.2 Monitoring and Display Details
Equipment and connections to telephone line shall be provided at the pump station to transmit the
following information to the remote station:

Pump Station Function Equipment Display at Remote Station

1. Signal Failure
2. Power Failure
3. Low Gas Hazard
4. High Gas Hazard
5. Recording Instrument Fault
6. Operator in Building
        (disarms burglar alarm after entry)
7. Sump Pump Start Level
8. Sump Pump Running
9. Pump 1 (Electric) Running
10. Pump 2 (Gas Engine) Running
11. Pump 3 (Gas Engine) Running
12. Pump 4 (Gas Engine) Running

Light and Audible Alarm (Horn #3)
Light and Audible Alarm (Horn #3)
Light and Audible Alarm (Horn #3)
Light and Audible Alarm (Horn #3)
Light and Audible Alarm (Horn #3)
Light and Audible Alarm (Horn #1)

Light Only
Light Only
Light Only
Light Only
Light Only
Light Only
Light and Audible Alarm (Horn #2)



13. High Water Level & Burglar Alarm
14. Water Level in Pump Pit

Two Digit Nixie, 0-19 read-out

Dry contact closures for functions 3 to 13 are to be provided under Section 22, Electrical Work.

24.3 Equipment at Pump Station

24.3.1 Encoder

The encoder shall be a 16-function encoder complete with tone transmitter, power supply
and line surge protector. The encoder shall scan 13 contacts and transmit their status
(opened or closed). It shall also transmit one analog input.

Encoder and accessories shall be Automation Associates, Inc. Model DS90T encoder and
Model FS/LAM 170T tone transmitter, power supply series PS and line surge protector
Model LPA-31, or City-approved equals, and shall all be mounted in the telemetering panel
enclosure.

24.3.2 Scanner Transmitter

The transmitter shall be digital multiplex type designed for use in telemetry systems to
transmit the status of up to 16 electronic or mechanical switch contact chassis or 16 bit
digitized analog information, over a single FSK tone telemetry channel for transmission
over voice grade communication link. The transmitter shall be contained in an enclosed
module for noise immunity and ease of maintenance. Additional scanners shall be operable
sequentially through the same tone channel by address coding. Scanner transmitter shall be
Automation Associates, DS-9OT series, or City-approved equal.

24.3.3 Tone Transmitter

The tone transmitter shall be the frequency shift type with a frequency of 595 Hz, channel
spacing of 170 Hz and a shift of ±35 Hz. Transmitted signal output shall be front panel
adjustable via a multi-turn potentiometer. Minimum adjustment range shall be +5 dbm to
-30 dbm. Transmitter output shall be transformer isolated from electronic potentials, and
shall be AC coupled so resistive continuity cannot be obtained across the output wires.
Output shall match 600-900 ohm telephone lines and have rising off-channel impedance
characteristic. Line termination shall be maintained with power turned off or in the event of
power failure. The connections to this module shall be made through a contact, gold over
nickel plated printed circuit board edge connector. Test signal shall be available at the
module front panel through a twenty contact test connector. Modulation and signal level



potentiometers shall be accessible through the module front panel. The tone transmitter shall
be Automation Associates, FS/LAM170T or City-approved equal.

24.3.4 Analog to Digital Converter

The analog to digital converter shall accept an input voltage, scale the voltage to proper
engineering with, and convert this voltage to an equivalent binary or binary coded decimal
number. Up to 3 decades or 12 binary bits of converted information shall be available with
conversion accuracy better than ±0.1% ±1/2 LSB. Load potentiometers shall allow zero,
span, offset and conversion note adjustment. The converter shall be contained in an enclosed
module for noise immunity and ease of maintenance. Unit shall be Automation Associates
ADC-90 series, or City-approved equal.

24.3.5 Power Supply

The power supply for the telemetry modules shall be plug-in type and provide regulated
power +24 VDC, ±15 VDC and +5 VDC as required by the module. Each supply shall have
a full load rating of 250% of actual full load requirement. Unit shall be Automation
Associates series PS, or City-approved equal. Back-up battery power shall be supplied with
capability of telemetering a line power-failure for a minimum of four hours.

24.3.6 Pressure Transducer

The pressure for telemetry shall be measured by electronic pressure transmitter. Output
signal from the transmitter shall be variable frequency with frequency proportional to
pressure. The operating circuits connecting to pressure transmitter unit shall be protected
against line surges and transients by low voltage spark gaps, zener diodes, and replaceable
fuses. Circuits shall be designed so that the connecting wires to the receiver can be
interchanged, and the polarity reversed, without causing damage to the transmitter. Each
transmitter shall be capable of operating with interconnecting line resistance of 1000 ohms
maximum, or when multiple transmitters are connected to one line, the maximum series
resistance shall be divided by the number of the transmitters used. Conversion of
level/pressure to motion and then to frequency, shall be accomplished without friction
producing parts.

Transmitter output frequency shall be linearly proportional to pressure with ±1% of span
without accuracy reduction due to hysteresis or stiction caused by mechanical friction. Unit
shall cover the range from 0 to 15 pounds per square inch gage air pressure. Electrical
output of transducer shall be 4-20 ma DC which shall vary directly with applied pressure.
Pressure transmitter shall be furnished in a NEMA XII enclosure. Pressure supply and drain
lines shall be mounted in the bottom of the cabinet via bulkhead fitting, suitable for 1/8"
NPT connection of a male fitting. Plumbing between the bulkhead cabinet fittings and the
diaphragm seal shall be via an electrical insulator tubing to protect against electrolysis or



corrosion. Pressure transducer shall be Automation Associates PT-1250 series, or
City-approved equal.

24.3.7 Telemetering Panel Enclosure

The telemetering panel enclosure shall be as shown on Plate P-30 and shall be NEMA Type
12 with single door, designed for wall mounting. Enclosure size shall be 42" high x 30"
wide x 10" deep. Door shall have neoprene gasket, continuous hinge, and 3-point key lock.
Panels shall be made of 14 gauge steel and have all seams welded. Interior finish shall be
baked white enamel and exterior finish gray prime coat with all surfaces phosphatized
before painting. Pump indicator lights shall be mounted in door panel. Enclosure shall be
Hoffman Engineering A-423010LP, Boss N12S-423010, or City-approved equal, as
illustrated on L.A.C.F.C.D. Pump Station Manual Plate P-30, but with rack mounting frame
omitted.

24.4 Equipment for Remote Station

24.4.1 Remote Telemetering Panel

The remote telemetering panel shall consist of tone receiver, scanner receiver, display panel,
and alarm modules assembled in an enclosure designed for wall mounting.

24.4.2 Tone Receiver

The tone receiver shall be frequency shift type with a frequency of 595 Hz., channel spacing
of 170 Hz. and a shift of ± 35 Hz. to match the corresponding tone transmitter at the pump
station. The tone receiver shall be Automation Associates, FS/170R series, or City-approved
equal.

24.4.3 Scanner Receiver

The digit multiplex receiver shall be designed for use in telemetry system to receive up to 16
discrete status information bits from the scanner transmitter. The receiver shall operate with
the transmitter through frequency shift keyed audio tone telemetry channels. True double
scan protection shall assure that two 16 bit status words must agree exactly before status is
transferred to the output relay driver storage register. Additional scanners shall be operable
sequentially through the same tone channel by address coding. A 20 position front connector
shall permit examination of receiver operation without removal from the module rack. The
scanner receiver shall be Automation Associates, DS90-R series, or City-approved equal.



24.4.4 Display Panel

Display panel layout shall be as shown on the drawings. The open-closed contact status is
indicated by flashing indicating lights. These lights incorporate a dim glow feature that
allows the operator to identify any defective lamp. The complete arrangement shall consist
of twenty-eight (28) lights arranged in three rows of nine lights each, surmounted by one
single light located centrally. Thirteen (13) lights only are to be utilized in the present
installation; the remainder will serve as spares. All lights to be utilized are so indicated on
the drawings and shall be identified on the panel by phenolic nameplates inscribed as shown
on the drawings. No nameplates shall be furnished for lights which are spares. The analog
read-out is a two digit Nixie display unit, reading 5 bit liquid level signal, unit reading
range: 0-19, with similar phenolic nameplate identification.

24.4.5 Alarm Modules

Alarm and annunciation signals shall be processed by a modular annunciator. Each module
shall be capable of at least 6 alarms. The flasher rate shall be adjustable from 2 Hz to 10 Hz
with an internal resistor. The module shall be equipped for horn and reset button functions.
Operation sequence shall be as follows:

Close input..  

Corresponding alarm light shall flash and the audible alarm shall sound.B.  

Upon pushing silencer button, alarm light shall remain steady on, with audible alarm
off.

C.  

Alarm lights shall remain on until the alarm condition is removed.D.  

All three horns shall each sound with a different and distinctive tone. Relay module shall be
Automation Associates, RA-06 series, or City-approved equal.

24.4.6 Telemetering Panel Enclosure

The telemetering panel enclosure shall be NEMA Type 12 designed for wall mounting.
Enclosure size shall be approximately 30" high x 23" wide x 18" deep. The front shall be
composed of four components as shown on the drawings. One component shall be power
supply, another telemetry modules, another display devices and the fourth alarm horns. Each
component shall be mounted on a standard 19" rack space and shall be removable.
Construction and finish of enclosure shall be same as specified hereinabove for pump
station.



24.4.7 Testing

The remote station panel shall be temporarily installed by the Contractor at the pump station
and shall be demonstrated by the use of outside telephone lines to function satisfactorily. It
will then be accepted by the City for installation at the Port Security Office by others.

24.5 Payment
All costs of the telemetering equipment to be installed or to be furnished only as specified herein are to
be included in the lump sum price bid for Item 56.

Go to Section 25
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25.1 General
All painting, the application of epoxy coatings and protective tapes shall be included in this section.
Except as otherwise specified herein, all steel, gypboard, and wood surfaces shall be painted or epoxy
coated. Concrete surfaces shall not be painted. Exterior of concrete masonry shall be water-proofed;
interior shall be painted.

All colors shall be as hereinafter specified or as directed by the Engineer.

25.2 Painting

25.2.1 Paint Primers

25.2.1.1 Iron and Steel Primer

Iron and steel primer shall be "Kromik Metal Primer", as manufactured by
Sherwin-Williams Company, X-60 Red Bare Metal Primer as manufactured by Rust-Oleum
Corporation or an equivalent City-approved industrial primer.

25.2.1.2 Wood Primer

Wood primer shall be Exterior Wood Undercoater No. A2W5, as manufactured by
Sherwin-Williams Company, 500 White Undercoater manufactured by Rust-Oleum
Corporation, or a City-approved equal.

25.2.1.3 Galvanized Metal Primer

Galvanized metal primer shall be "Galvanized Iron Primer" as manufactured by
Sherwin-Williams Company "Galvinoleum 3202 Undercoat" as manufactured by
Rust-Oleum Corporation, or a City-approved equal.



Galvanized metal surfaces shall first be treated with a prepared metal bonderizer before
applying metal primer.

25.2.2 Paint Finish Coats

25.2.2.1 Interior and Exterior Metal Paint

Interior and exterior metal paint shall be "Metalastic", as manufactured by
Sherwin-Williams Company, and equivalent industrial finish as manufactured by Reliance
Universal, Inc., or a City-approved equal.

25.2.2.2 Wood Surface Paint

Wood surface paint shall be "Exterior Gloss Paint" as manufactured by Sherwin-Williams
Company, an equivalent industrial finish as manufactured by Rust-Oleum Corporation, or a
City-approved equal.

25.2.2.3 Enamel

Enamel shall be "Kem-Glo" as manufactured by Sherwin-Williams Company, an equivalent
industrial finish as manufactured by Rust-Oleum Corporation or a City-approved equal.

25.2.2.4 Concrete Surface Paint

Concrete surface paint shall be acrylic vinyl water-based paint as manufactured by
Sherwin-Williams Company, or City-approved equal.

25.2.3 Paint Schedule (Inside and Outside)

In general all exposed metal items of pump station above engine-room floor level shall be
primed and painted with two coats of finish paint. All exposed wood items shall first be
primed and then painted two coats of finish paint. Concrete masonry shall be painted two
coats.

Bridge crane bridge, beams and rails, except bearing surfaces, shall be painted one coat
primer and two coats finish paint.

Metal door frames and doors, door operator, louvers, column, stairway and handrails shall
be primed and painted two coats of finish paint.

Galvanized floor plates and seat angles shall be primed painted two coats of finish paint.



Engines need not be be repainted, except where coatings have been damaged or abraded in
shipping or installation.

Right-angle drives and other manufactured items above engine room floor level which have
received manufacturer's factory coatings shall not be repainted.

25.2.4 Clean-Up

All clothes and waste materials which might constitute a fire hazard shall be placed in
closed containers and disposed of at the end of each day. Upon completion of the painting
work, all staging and scaffolding shall be removed from the site of the work. Paint spots, oil,
or stains upon adjacent surfaces shall be removed and the entire job left clean and acceptable
to the Engineer.

25.3 Epoxy Coating - Liquid Applied

25.3.1 Epoxy Primers

Engard 411 as manufactured by Engard Coatings Corporation. (2 mil thickness)1.  

Koppers No. 654 as manufactured by Koppers Co., Inc. (2 mil thickness)2.  

25.3.2 Epoxy Coatings

Engard 482 (gray) as manufactured by Engard Coatings Corporation. (15 mil
thickness)

1.  

Glamorglaze (light gray) as manufactured by Koppers Co., Inc. (15 mil thickness)2.  

25.3.3 Preparation for Epoxy Coatings

All metal surfaces to receive epoxy coatings shall be cleaned to bright metal by
sandblasting, using clean, dry, sharp sand in accordance with SSPC-SP5. After cleaning, all
accumulated dust shall be removed, The primer coat shall be applied immediately after
cleaning. Coating on pipes to be field welded, shall be held back from the weld joints
approximately 2 inches. In held-back area, pipe and fittings shall be wire brushed or ground
to bright metal, cleaned with solvent, then coated as specified.



25.3.4 Epoxy Coating Schedule

The steel pump columns, base plates, pedestals, bowls, elbows, and the discharge piping and
fittings inside the pump station shall be coated inside and outside. The pump shaft enclosing
tube and adapter shall be coated outside only. The discharge manifold shall be coated inside
only except for end returns to exterior as shown on the drawings.

Sump pump supports, pump casings, impellers and suction inlets shall be epoxy coated on
the inside and outside. Sump pump motor and adaptor plate shall be epoxy coated on the
outside with a liquid applied epoxy.

Exterior of LPG Tank shall be epoxy coated.

All gas and LPG piping inside the pump station, above or below the engine-room floor, shall
be epoxy coated on the outside.

All air release valves and the vent pipes on the discharge lines shall be epoxy coated inside
and outside.

All epoxy coatings except for field touch-ups, and coating of small utility pipes in pump pit
shall be shop-applied by skilled applicators, in a shop approved in advance by the City.
Field sandblasting and application of coatings will not be permitted.

Upon completion of coatings, a Holiday Detector of suitable high frequency shall be used to
test the coatings. Any imperfect spots shall be recoated to the satisfaction of the Engineer.
Low Frequency detectors of wet wipe type are not approved.

Mating faces and bolt holes on the pump column flanges and bowls shall be protected from
the above coatings.

Impellers shall not be painted.

25.3.5 Epoxy Applicators

The epoxy coatings shall be applied by an approved applicator. The following applicators
are currently approved by the City:

Parker Brothers, Inc.
7044 Bandini Boulevard
Los Angeles, California 90022
Phone (213) 723-8701

Soc-co Plastic Coating Co.
13216 Laureldale
Paramount, California 90723
Phone (213) 636-9173

Alternate applicators must be approved in advance by the City.

Epoxy coated items shall not be shipped until the epoxy coating has been permitted to dry
and age a minimum of 72 hours.



25.3.6 Field Touch-Up of Epoxy Coatings

Any epoxy coatings damaged in shipment or subsequent handling shall be patched by the
Contractor at his own expense, in full conformance with the recommendation of the
manufacturer of the epoxy used.

25.3.7 Field Testing of Coating Applications

All epoxy coating applications will be subject to field testing for compliance with these
specifications. Any coating found not to be strictly in accordance with requirements shall be
immediately remedied to the full satisfaction of the Engineer.

25.4 Epoxy Coating - Fused Powdered

25.4.1 Epoxy Coating

As an alternate to liquid applied epoxy coatings, the Contractor may, at his option, substitute
a fused powdered epoxy coating electrostatically applied (12 mil minimum thickness) as
manufactured by 3M Company, Armstrong Products of Warsaw, Indiana, or a
City-approved equal.

25.4.2 Preparation for Fused Epoxy Coating

All metal surfaces to receive epoxy coatings shall be cleaned to bright metal by sandblasting
as specified in Section 25.3.3.

25.4.3 Epoxy Application

The epoxy coating shall be applied by a City-approved applicator in accordance with the
manufacturer's recommendations and applicable provisions of Section 25.3.4, Section 25.3.6
and Section 25.3.7, The following applicators of fused powdered epoxy coatings are
currently approved by the City:

Fusecote Company, Inc.
9703 Alpaca
South El Monte, California 91733
Phone (213) 443-6760

Ekco Products, Inc.
2717 Tanager
Commerce, California 90022
Phone (213) 723-9101



25.5 Protective Tapes
The corrosion protection tapes shall consist of a polyvinyl chloride backing and an inner layer of butyl
rubber or other high tack adhesive.

The tape shall be applied to pipes using a primer to obtain a superior bond between metal and tape.

25.5.1 Thickness of Tape

The total laminated thickness of the backing material shall be a minimum of 20 mils. The
butyl layer or other adhesive shall be 12 mils and plastic film 8 mils.

25.5.2 Application Requirement

The tapes shall be applied to the pipe over the specified primer in all instances, and shall be
covered with 1/2 lap for double thickness throughout the entire wrap.

25.5.3 Testing of Coating

The tape covering, after wrapping is completed, shall be tested with a "Holiday" detector of
adequate capacity.

If "Holidays" are detected the pipe shall be wrapped at that location with additional tape,
and then rechecked with the "Holiday" detector until satisfactory to the Engineer.

25.6 Galvanizing
All exposed metal surfaces in the sump below the Engine-Room Floor shall be galvanized unless epoxy
coatings, copper, or stainless steel components are specified. The galvanized items in the sump need not
be painted.

25.7 Waterproofing of Concrete Masonry
Apply two coats of Thompson's Water-Seal or City-approved equal in accordance with manufacturer's
instructions.



25.8 Color Schedule
Concrete masonry walls - Light Cream
Metal work and machinery, except handrails - Long Beach Blue
Handrails and bridge crane - OSHA Yellow

25.9 Payment
All costs for waterproofing concrete masonry shall be included in the price bid for Item 37.

All costs for epoxy coating, painting, protective tapes, galvanizing and all other items as specified
hereinabove, shall be included in the price bid for each applicable item where clearly identifiable.  All
other costs for work as described herein shall be included in the price bid for Item 7.

Go to Section 26
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26.1 General
All miscellaneous items are covered in this section.

26.2 Fire Extinguishers
Three dry chemical fire extinguishers shall be provided on the engine room walls at locations as shown.
The dry chemical extinguishers shall be of the portable type suitable for use in Class B and Class C fires
(electrical equipment, flammable liquids, liquefied petroleum gas and other hazards). The units shall be
UL rated, and shall be 20 pound size, and shall be wall mounted on heavy-duty wall brackets.

26.3 Ventilating Equipment

26.3.1 Office Exhaust Fan and Toilet Exhaust Fan

The toilet exhaust fan and office fan shall each be wall mounted, centrifugal type with direct
drive and shall be rated for 150 CFM at 1/4 inch static pressure. Fan motor shall operate on
120 V., 6 Hz., single phase power. The fan shall be Model CWF 67 or manufactured by ILG
Industries, Inc. or an equal by Penn Ventilator Co. or a City-approved equivalent.

26.3.2 Sump Inlet and Exhaust Fans

Pump pit inlet and exhaust fans shall be belted vent sets which shall be installed inside the
engine room as shown on Sheet 25. Capacity of each fan shall be a minimum of 3000 CFM
at one inch static pressure. Fan motors shall be explosion-proof 2 h.p., 1750 R.P.M., 480
volt, three phase, 60 Hertz. Fan speed shall be limited to avoid motor overload. Fans shall be
epoxy coated and shall be Model 300G as manufactured by Buffalo Forge Company or a
City-approved equivalent. Both fans shall be the product of one manufacturer and shall be of
size suitable to fit space available.



26.4 Payment
All costs of office, toilet and pump pit inlet and exhaust ventilation as specified herein shall be included
in lump sum prices bid for Items 34 and 51.

Go to Appendix E
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1. General
Electrical power is furnished by public utilities, each serving its own defined geographical area. Power is
furnished at rates in accordance with various published schedules for different types of usage. Many utilities have
rate schedules specifically applicable to pumping. Samples are included in the text and numerical examples have
been developed to show billings which would be payable under certain hypothetical circumstances.

Natural gas is also furnished through public utility companies, sometimes the same company which provides
electrical power for the area. Service for gas engines is usually charged at the rates for commercial and industrial
service, and is interruptable at times of high domestic demand.

LPG is usually furnished by private companies or distributors who set rates for their localities. A tabulation of
rates typical for California has been compiled and is used in this Appendix.

The cost of gasoline or diesel fuel is not considered, since there will be very few applications of engines using
these fuels. Where the situation does occur, it will be relatively straightforward to adapt data given herein in order
to make comparisons.

Readers should note that the rate schedules published herein are typical of those generally prevailing in 1981 or
1982. In the past, rate schedules used to reflect the policy then in effect to offer discounts for larger quantities
consumed. With current emphasis on energy conservation, this policy is changing. Also, rates are constantly
being escalated or surcharged, so that to be valid, any study must use the latest possible data, obtained in the
locality of the pump station.

2. Electrical Power
Electrical utility charges are made on either the connected load basis or on the demand basis and are the sum of
two separate charges, the service or demand charge and the energy charge. The service or demand charge
represents the cost of the utility company building and maintaining enough capacity to serve its customers. It is a
fixed cost of the pump station, as it is the minimum charge for electricity whether the motors are run or not. The
energy charge is based on kilowatt-hour usage and depends on the hours of motor operation.

For a pump station which has large capacity pumps with high horsepower motors which are seldom run, the fixed
cost of the demand charge becomes the larger element of the utility billing, even over 95% of the total.

The connected load basis service charge is simply a monthly or annual service charge for each horsepower of
connected load. Referring to E-4, Schedule No. PA-1, for 2 HP and greater connected loads, the charge is $1.00
per horsepower per month. Therefore, it would cost $1,200.00 per year just for a 100 HP motor to be connected.

Each hour that a 100 HP motor runs at full load, it consumes 74.6 kilowatt-hours or KWh. (To convert HP to Kw,



multiply by .746). The energy charge would therefore be 74.6 x 2.044¢, or $1.52 per hour. The energy charge for
100 hours of running in a year would be $152, and the total of both service and energy charges would be $1,352
for the year. By contrast, for a 5 HP motor running 2,000 hours to perform equivalent work, the service and
energy charges would be $60 + $152 for an annual total of $212. The connected load basis is therefore seen to be
favorable to motors of small horsepower running for long periods. For single motors of higher horsepower, the
demand basis may be even more costly than the connected load basis. Using the 100 HP motor in the preceding
example, referring to E-5, Schedule PA-2, the demand charge would be $281.25 per month, while the energy
charge would be 74.6 x 1.120¢ per hour, for an annual total of $3,459. The lower of the two schedules, connected
load basis or demand basis, is used for computation of the charges to be made by the supplying utility.

Where there are multiple large horse-power motors and a consequent diversity of load with infrequent peaks, the
demand basis becomes much less expensive than the connected load basis. Again referring to E-5, Schedule No.
PA-2, the demand basis demand charge uses the peak load during a peak month to establish the demand charge
for that month and to establish the minimum demand charge for the next 11 months. For example, if the peak
month storms required 3-300 HP motors to operate fully-loaded simultaneously, the peak load of 671.4 Kw
would result in the peak month demand charge of $2,517.75. During the next 11 months, a minimum of 50% of
the peak load, or 335.7 Kw will result in at least a $1,258.88 demand charge each month, for a total demand
charge for the year of $16,365. However, the demand charge on a connected load basis would amount to $30,375.
From a later example, the energy charge on a demand basis will be found to be only about 3% of total demand
charges for electricity.

The fact that demand charges are so great should lead designers to consider increasing storage and using smaller
pumps, possibly at greater capital cost, in order to reduce the demand charges of large electric motors. This policy
can be seen in Chapter 7 - Dry Pit Design, where the storage box allows smaller capacity pumps and motors.

3. Natural Gas
Natural gas is a fuel with a nominal value of 1,000 British Thermal Units (BTU's) per standard cubic foot. The
rates for natural gas are normally a minimum monthly purchase, plus a charge per 1,000 cu. ft. in excess of the
minimum purchase. The rates vary throughout the nation, depending on the availability of indigenous production,
transportation costs, and interstate and intrastate regulation. In general, current prices for natural gas represent a
lower cost per BTU than now prevails for crude oil, but possible decontrol may greatly increase gas prices.

Compared with electricity, natural gas often appears to be a substantially cheaper source of power. This is
because natural gas is purchased as a fuel, not as power. The fuel must be converted into power by the engines
installed at the pump station.

Examples 7.2 and 7.4 show a comparison of costs of electric motor drives and gas engine drives. Example 7.2
shows that the utility charges are reduced by using the gas fuel. Example 7.4 shows that the costs of the
additional investment in engines and the additional maintenance required will outweigh the savings in utility
charges unless a low interest rate can be used. This applies for the level of usage anticipated for a stormwater
pump station. For pumping of water for irrigation, the reverse is often the case. Gas engines running for a much
larger number of hours could be expected to be more economical than electric motors.



4. Liquefied Petroleum Gas
LPG is a fuel interchangeable with natural gas. It is supplied as a liquid under pressure, which is converted into a
gaseous state at the engine carburetor. LPG has a value of 92,000 to 95,000 BTU per gallon.

LPG rates are per gallon charges in various annual usage categories. LPG costs more per gallon for low usage
than it does for high usage. Pump stations are normally in the lowest annual usage categories where LPG costs 73
to 80 cents per gallon, depending on the transportation and indigenous production.

Example 7.3 shows a hypothetical pump station run on LPG only. For stormwater pumping the overall life-cycle
cost of driving pumps with LPG is probably the highest of all three power sources considered, but the benefit of
LPG reliability may be considered to outweigh its cost.

5. Decision between Motors and Engines
The demand charge of the electrical utility represents the cost of having the utility invest in and maintain the
power generators for the user at the utility's central stations, and provide transmission facilities to the user's site.
The demand charge can be eliminated by the user assuming the additional capital costs of on-site engines, but in
either case, fuel must be converted into power at some point. Electrical utility power is generally cheaper and
more convenient for stormwater pumping, but demand charges have escalated to a point where engines burning
gas or LPG fuel may show an economic advantage, depending upon the interest rate. An evaluation must use
local utility rates and the motor-versus engine decision must be based not only on cost, but on all factors,
including reliability, convenience and maintenance. Some stations, of course, have both motor and engine driven
pumps.

6. Synopsis of Rate Schedules
Published utility rate schedules are reproduced herein in edited form, as examples intended to show rates and
conditions of service. Some of the detail appearing in the published documents is not relevant to this work and
has been deleted. Other data can be related to Chapter 10 - Electric Motors, and to Chapter 12 - Electrical
Systems and Controls. The rates quoted for electrical power, natural gas and LPG are used in the numerical
examples 7.1 through 7.4.

A. Southern California Edison Company Schedule No. PA-1
     (Effective August 6, 1981)

Applicable to power service for pumping on connected load basis

RATES Per Meter
Per Month

Service Charge:
Two horsepower and over of connected load, per horsepower $ 1.00
Energy Charge: (to be added to Service Charge)
     All kWh, per kWh 2.044 ¢



Minimum Charge: The minimum charge shall be the monthly Service Charge.

Service will be supplied at one standard power voltage.1.  

Connected load is the sum of the rated capacities of all of the customer's equipment that it is
possible to connect to the Company's lines at the same time, determined to the nearest 1/10 hp.
In no case will charges be based on less than 2 hp for single-phase service or on less than 3 hp
for three-phase service. Normally such ratings will be based on the manufacturer's rating as
shown on the nameplate or elsewhere but may, at the option of the Company, be based on
tests or other reliable information.

2.  

Whenever, upon test, any motor under normal operating conditions is found to be delivering
more than 115 percent of its capacity as indicated by its nameplate rating, the Company may
disregard the nameplate rating and base its charges upon the output as calculated from test.

3.  

B. Southern California Edison Company Schedule No. PA-2
     (Effective August 1, 1981)

Applicable to power service for pumping on demand basis

RATES Per Meter
Per Month

Demand Charge:
First 75 kW or less of billing demand
All excess kW of billing demand, per kW
(Subject to minimum demand charge.
     See Special Condition No. 5)

$ 281.25
3.75

Energy Charges (to be added to Demand Charge)
All kWh, per kWh 1.120¢
Service will be supplied at one standard voltage.1.  

The billing demand shall be the kilowatts of maximum demand but not less than 50% of the
highest maximum demand established in the preceding eleven months, however, in no case
shall billing demand be less than 75 Kw. Billing demand shall be determined to the nearest
1/10 Kw.

2.  

The maximum demand in any month shall be measured maximum average kilowatt input,
indicated or recorded by instruments to be supplied by the Company, during any 15-minute
metered interval in the month. Where demand is intermittent or subject to violent fluctuations,
a 5-minute interval may be used.

3.  

Minimum Demand Charge: Where no contract demand is involved, the monthly minimum
demand charge shall be computed by multiplying the billing demand by the demand charge
per kilowatt. Where a contract demand is involved, the monthly minimum demand charge
shall be the greater of:

4.  

The charge as computed by multiplying the billing demand by the demand charge
per kilowatt; or

.  



A facilities charge of 1.00 per kilowatt of contract demand.B.  

C. Long Beach Gas Department Gas Rate Schedule B
     Commercial and Industrial Service
     (Effective October 28, 1981)

RATES
Meter charge per day
Usage charge per 100 cu. ft.

$ .33
$ .3918 

A minimum charge of $72.00 per meter per month shall be made for service under this schedule.

Consumers served under this schedule shall have priority in the use of gas over consumers served
under any other rate schedule other than Schedule A, and said consumers shall be subject to a
discontinuance of service in case of necessity due to shortage of gas in favor of consumers under
Schedule A.

D. LPG Rates (furnished by major California distributors)
     (Effective April 1, 1982)

Annual Usage Category Price per Gallon

0 - 2,500 gallons
2,501 - 3,500
3,501 - 6,000
6,001 - 10,000
10,001 - 25,000
25,001 - 40,000

Over 40,000

79.8¢
76.5¢
75.1¢
73.2¢
71.4¢
70.4¢
69.3¢

7. Numerical Examples
Examples 1 (Electricity), 2 (Natural Gas), and 3 (LPG) show an annual 212 hours of pump operation for a station
under identical conditions, with the cost of power or fuel for the three different sources. Example 4 allows for
capital cost and maintenance and shows the reduction in cost for natural gas compared with electricity under the
same conditions.

Example 1

A pump station has three vertical pumps each with a 300 HP motor. The motors are fully loaded at
design conditions. Assume that all three pumps run simultaneously at design conditions for four
hours during the first month of the year (12 hrs.); that two pumps run simultaneously for fifty hours
during parts of three months (100 hrs.); and that one pump runs alone for one hundred hours during



the year (100 hrs.). Total running time equals 212 hours. Using the Southern California Edison
Company rate schedules, determine the total annual cost of electricity for the pumps under these
conditions.

Demand Basis of Determining Demand Charge
Demand Charge Per Month Total
     Maximum Peak Load Month
     (900 HP x 1 kW/1.3405  HP = 671.4 kW)
     First 75 kW (or less)
     Excess 596.4  kW @ $3.75/kW
     Demand charge for 671.4 kW load

$   281.25
   2,236.50
$2,517.75 $2,517.75

     3-600 HP Peak Load Months
     (600 HP x 1 kW/1.3405 HP = 447.6 kW)
     First 75 kW
     Excess 372.6 kW @ $3.75/kW
     Demand charge for 447.6 kW load

     3 months @ $1,678.50

281.25
   1,397.25

1,678.50

5,035.50
     8 - 300 HP Peak Load Months
     (50% of 671.4 kW (peak load during
     previous 11 months) = 335.7 kW)
     First 75 kW
     Excess 260.7 kW @ $3.75/kW
     Demand charge per month

     8 months @ $1,258.88

281.25
      977.63

1,258.88

   10,071.04

Total Demand Charge
Forward

$17,624.29
$17,624.29

Total Demand Charge (forward) $17,624.29

Energy Charge
3 motors on:  3 x 300 HP x 1 kW/1.3405 HP x 4 hrs.
                       2685.56 kW hr. @ $.01120 30.08
2 motors on: 2 x 300 HP x 1 kW/1.3405 HP x 50 hrs.
                        22380 kW hr. @ $.01120 250.65
1 motor on: 1 x 300 HP x 1 kW/1.3405 HP x 100 hrs.
                        22380 kW hr. @ $.01120 250.65
Total Energy Charge     $      531.38
Total Annual Cost of Electricity $18,155.67

=========

Demand Charge as % of Total Charge = 97.07%



Example 2

Assume the station in Example 1 uses three natural gas engines in lieu of the electric motors, each of
300 HP. Each engine has a gas consumption rate of 3,000 cu. ft./hr. (10,000 BTU/HP/hr.). Assume
the station operates 62 engine hours in one month, 40 engine hours a month for two months, 10
engine hours a month for two months, and 2 engine hours a month for five months for the same 212
total engine hours a year of pumping as in Example 1. Find the total annual cost of gas fuel for the
station utilizing the Long Beach Gas Department Rate Schedule.

Meter Charge       365 days x $.33/day/12 =       $10.04/month average
Maximum Month    -     Heaviest Use Per Month Total

(62 engine hrs. at consumption
rate of 3 MCF/hr. = 186 MCF)

Meter Charge
Usage - 186 MCF x $.3918/100CF
62 engine hours operation cost

$ 10.04
728.75

$ 738.79
Forward $ 738.79

2 Months - Heavy Use

(40 engine hrs./mo. at consumption
rate of 3 MCF/hour = 120 MCF/mo.)

Meter Charge
Usage - 120 MCF x $.3918/100CF
40 engine hours/mo. operation cost
2 months @ 40 hours operation cost

$  10.04
470.16

$480.20
960.40

2 Months - Moderate Use

(20 engine hrs./mo. at consumption
rate of 3 MCF/hr. = 60 MCF/mo.)

Meter Charge
Usage - 60 MCF x $.3918/100CF
20 engine hrs./mo. operation cost
2 months @ 20 hrs. operation cost

10.04
235.08
245.12

490.24



2 Months - Light Use

(10 engine hrs./mo. at consumption
rate of 3 MCF/hr. = 30 MCF/mo.)

Meter Charge
Usage - 30 MCF x $.3918/100CF
10 engine hrs./mo. operation cost
2 months @ 10 hrs. operation cost

10.04
117.54
127.58

255.16

5 Months - Lightest Use

(2 engine hrs./mo. at consumption
rate of 3 MCF/hr. = 6 MCF/mo.)

Meter Charge
Usage - 6 MCF x $.3918/100CF
2 engine hrs./mo. operation cost
5 months @ 2 hrs. operation cost

Total Annual Cost of Natural Gas

10.04
23.51
33.55
72.00 min. 360.00

$2,804.59
========

Example 3

Assume the station in Example 1 uses 3 LPG engines, each with an LPG consumption rate of 30
gallons per hour (1/10 gallon per HP per hour). Calculate the fuel cost of the station.

Hours of one-engine operation =
Hours of two-engine operation = 
Hours of three-engine operation = 
       Total hours of engine operation
       Gallons used per hour

           Total gallons used

Price per gallon in 6,000 - 10,000 gallon annual
usage range 

Annual Cost for LPG =

100    x   1
50    x   2
4    x   3

= 100
= 100
=   12
  212

  x   30

6,320
  

$        .732
  

$4,626.24



Example 4

Compare the total relevant costs of electricity and gas in Examples 7.1 and 7.2. Assume that each
300 HP engine, accessories and installation costs $50,000 more than a motor. Also assume
additional maintenance for three engines to be one man day per month at $25.00 per hour (includes
materials). Assume the public agency borrows capital expenditure money at 15% interest rate and
the equipment has a 30-year life. The annual cost factor at 15% for 30 years is .15230.

Costs Electricity Gas +Saving of Gas
-Extra Cost of Gas

Initial capital cost of engines in excess of
motors - radiators, pedestals, shafts, right
angle gears, lubrication, gas supply and
interest. ($50,000 x 3 x .15230 annual cost
factor)

$22,845.00 $-22,845.00

Utility Cost
$18,155.67 $   2,804.59 $+15,351.08

Maintenance
$   2,400.00 $    -2,400.00

Additional Cost of
Natural Gas

$    -9,893.92

LPG, (Example 3) costing more annually than natural gas ($4,626.24 vs. $2,804.59) would be even
less economical than natural gas, assuming the same capital and maintenance costs.

8. Summary
The examples used in the foregoing text are based on a hypothetical number of operating hours in each case.
Naturally, the actual number of operating hours will vary from year and the numbers used in the examples are
intended to be illustrative only and not an average for any particular locality. Study of rainfall records and
hydrographs should be used to determine the anticipated annual average operating hours for any proposed new
station.

It is also instructive to consider the electrical energy cost for a small station, reducing the three 300 HP motors by
a factor of 10, to three 30 HP motors, with the same number of hours of operation. On the connected load basis,
the demand charge is $1,080.00 and the energy charge is $96.95 for a total annual cost of electricity of $1,176.95.
On the demand basis, the demand charge would be $3,375.00 and the energy charge $53.12 for an annual total
cost of $3,428.12. The connected load basis would-be used. If a large storage volume was provided, and pumping
was needed for over 1,000 hours, the connected load basis would still be applicable.

Go to Appendix F
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It has by custom been the privilege of the purchaser of a machine to witness the testing of that machine at the
manufacturer's factory, and to accept or reject the product according to the results of the test.

Although in our daily lives, it is impractical to witness tests of automobiles or other machines which we purchase, the
witness testing of pumps, engines and even electric motors still prevails to a large extent. It will be noted from
Appendix D - Specifications, that witness testing has been called for, but locations of manufacturing facilities in
relation to the design office or jobsite often makes it impractical that tests be witnessed, hence a waiving of this
requirement is provided for. Nonetheless, testing is important and is a routine function performed by the
manufacturer. Therefore, test results can always be made available and are submitted as part of the shop drawings or
as documentation accompanying delivery of equipment.

Engine testing is conducted with a dynamometer to which the engine is connected. A range of loadings is simulated
and horsepower developed can be measured at various rpms. Fuel consumption, temperatures, and manifold pressures
are all monitored and recorded. The extent of the information will be understood by reference to the figures in
Chapter 11 - Engines and Accessories.

A pump manufacturer's test facility is set up so that pump speed in rpm can be measured, together with electrical
power utilized. Flow is measured with an orifice or venturi meter and a valve can be opened or closed to simulate
discharge head. See Figure F-3.

When testing a pump, a series of eight or ten conditions are set up and the resulting data is recorded. From this data,
the head capacity curve of the pump is drawn and is then compared with the design point or points which have been
specified. The exact manner in which the data is set forth requires a little study and interpretation. Figure F-1 shows
the tabulated data, and Figure F-2 shows the plotted curves for head capacity, bowl efficiency and brake horsepower.
The specified design point of 23,038 gpm at 24.5 tdh is seen to be well exceeded, a discharge of about 25,700
resulting at that head, with above equal excess performance at the maximum and minimum heads specified. The
buyer will thus receive a little more than specified in this case, which is satisfactory since there is no motor overload
involved. The Hydraulic Institute criteria allow zero to ten percent excess discharge so that the pump in question is at
the upper limit of allowable variation.



Figure F-1. Laboratory Pump Test Data



Figure F-2. Curves Based on Test Data



Figure F-3. Typical Pump Test Facility

Go to Appendix G
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The operation of a facility such as a stormwater pump station requires constant surveillance of plant and
equipment. This is defined as continual inspection, rebuilding and repair as necessary.

To reduce the extent of this continual work, it is important that the design of a pump station be as simple
and straight-forward as possible and that the use of elaborate equipment and accessories be avoided,
unless need can be clearly justified. Complications and the added capital expenditure they involve are
unlikely to reduce the cost of maintenance because there is simply more equipment to look after.

A preventive maintenance program should be established by every agency responsible for pump station
operations and should be an integral part of start-up operations for new facilities. By adequate care,
lubrication and replacement of worn parts of machinery, the program will ensure maximum availability
of all equipment for use when needed.

To develop a comprehensive preventive maintenance program, the adoption of three major objectives is
recommended. The objectives should be to provide against equipment failures, to provide for maximum
continuous service of equipment, and to provide for maximum economy of operation and maintenance.

To accomplish these goals, it is first desirable to consult the manufacturer's representatives concerning
the equipment they furnish. Individual equipment representatives should be requested to furnish the best
advice available for the preventive maintenance of their equipment. A detailed schedule of planned
maintenance and inspection can then be developed. Sometimes a contracted service for periodical
maintenance by a manufacturer may be the most cost-effective solution.

One significant point which should be made at this time is that all personnel involved with the preventive
maintenance program should have a thorough understanding of its objectives and full knowledge of the
terminology used. For example, preventive maintenance, corrective maintenance and maintenance of
structures should be defined in writing at the outset of the program. Terms such as "inspection",
"rebuilding", and "repair", should be distinctly clear to everyone. For example, it is suggested that the
following definitions be implemented:

Preventive maintenance is that specifically scheduled in the program and which is necessary for
continued operation.

Inspection is the visual examination or other suitable examination of equipment which is specifically
scheduled into the preventive maintenance program. A checklist should be provided for each pump or
piece of equipment which should be operated or "exercised" at specified intervals.

Maintenance of structures should be defined as maintenance to buildings which includes doors, windows,
floors, walls, roofs, ceilings, columns or supports, concrete basins, tanks, roadways, curbs, grating, and



stairways.

Rebuilding is the major scheduled repair or replacement of component parts of a pump or piece of
equipment that shows signs of wear or deterioration.

Repair is nonscheduled corrective work on any pump or piece of equipment, intended to keep the unit
on-line and operating until it is rebuilt or replaced.

In order to ensure an adequate history for each piece of equipment, a separate file should be maintained.
The file should include an account of all preventive maintenance and corrective maintenance performed.
It should also include the time and material costs associated with the care and maintenance of each piece
of equipment.

Maintenance personnel should receive proper training for the equipment which they will be responsible
for maintaining, and the design engineer and each manufacturer of each piece of equipment should be
consulted about specific maintenance requirements. It is essential that all appropriate shop drawings and
parts-breakdown catalogs be available and remain on file for reference.

Another important maintenance factor, wholly different from the care of machinery and building plant, is
the periodic removal of mud and other debris from every station. Various illustrations in the text show
hoists and buckets in use for this purpose, but this mode of operation is giving way to the use of mobile
vacuum equipment, operated in the liquids mode. This type of truck-mounted machine can be brought to
the station and operated as needed in an environmentally acceptable manner, exhaust air being
thoroughly cleaned by triple filtration. The resultant waste can be hauled to a sanitary landfill for
disposal.

Go to Table of Contents
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1-A General Outline
Stormwater pumping stations are located throughout the highway systems of the nation. They are
necessary where gravity drainage flow is impossible or uneconomic. There are approximately 300
stations throughout California freeways, about 65 serving the Los Angeles area. The Detroit freeways
have about 100 stations while the Houston system has only 15. The required number of stations
depends more on highway design than climatic factors.

Most pumping stations in service throughout the country are unobtrusive and reliable, primarily
because they are well-designed and equipped. However, malfunctions do occur, in some cases due
to unsuitable design. Retrofitting should be considered in these cases.

This Manual provides guidelines, criteria and specifications intended to improve understanding of a
subject which is made more complex by the multiple choices usually apparent for each element of
design. Some choices will be found more suitable and effective than others. Each of the various types
of station described in this Manual is usually adaptable to whatever size station is required. Refer to
Chapter 2 - Review of Current Practice.

Stormwater pumping stations for highway facilities are usually of relatively small discharge capacity
(less than 100 cubic feet per second). This is predominantly due to small size catchments tributary to
each station. Stations of greater capacity (300 cubic feet per second or more) are sometimes
required, and occasionally, even a larger station. Discharge heads may vary from about 10 to 60 feet.

In the use of this Manual, it is assumed that a design inflow hydrograph is available or can be
determined from other sources. Some pump stations have minimum upstream storage, resulting in
pumps sized to handle large inflows. This is usually not desirable. Pumping requirements and the
mechanical and electrical installation can often be reduced by constructing a large upstream storage
capacity below the highway pavement or in an open forebay. Refer to Chapter 4 - Collection
Systems.

In addition to handling stormwater, some pump stations will be required to pump groundwater
containing heavy concentrations of sand or silt. Provisions are often made to remove heavy
concentrations of contaminants before being pumped. Care may also be necessary to avoid
contaminating receiving waters. Settling basins for suspended solids and separators for
hydrocarbons may be required downstream from the pump station.

In private installations, both electric motor and engine-driven pumps may be exposed to the weather,
but under public highway conditions a protective structure is generally desirable. The structure will
enhance the aesthetics and provide protection against vandalism and the weather.

Most stormwater pumping stations in highway service are electrically powered, with service from a
utility company. Protection from a power outage can be provided by dual feeders to the station from
two separate electrical sources, or by an emergency generator (gasoline or diesel) which starts



automatically in the event of loss of utility power. Alternately natural gas or diesel engines may be
used in combination with electric motors to drive individual pumps. With the latter system, each pump
may be driven by either its electric motor or its engine.

Another alternative is to drive the pumps by natural gas engines with piped gas supply, and also to
provide on-site LPG storage to be available in case of interruption of service. Propane is the usual
LPG (liquefied petroleum gas). Regardless of which combination is used, most stations have dual or
emergency power sources to ensure reliability. If a single source is to be used, very high reliability is
provided by engine-driven pumps with either piped gas or on-site LPG storage only.

All stations are designed to operate automatically. Rising water in the storage or wet-well causes
engines or motors to start and drive the pumps without any personnel being involved. As the water
level is lowered, pumps will also stop automatically.

Stormwater pumping stations are frequently of the wet-pit type, where the pumping equipment is
either suspended into the stormwater or completely submerged. Alternately, stations may be of the
dry-pit type where the pumping equipment is housed in a dry chamber beside the wet-well containing
the stormwater. The wet-pit is the more common.

Different types of stations are described in general terms in Chapter 2 - Review of Current Practice,
so that the designer will be able to identify the alternatives. The actual selection of a type of station
and equipment which appears to be best suited to any given situation is covered in more detail in
Chapter 5 - Selection of Type of Station and Equipment. Later chapters cover pumps, motors,
engines, electrical systems and construction in greater detail, while Appendixes cover specifications
and other specialized subjects.

1-B Data Collection for the Manual

Many State highway agencies throughout the nation have made valuable contributions to this
Manual. Additionally, on-site field reviews were made in four large urban areas with different climatic
conditions to assess design criteria and operation and maintenance practices. The four areas were:
Los Angeles, California, which has long dry periods which create long inactive periods; Detroit,
Michigan, which has periods of extreme cold; Houston, Texas, which has frequent and torrential
rains; and Phoenix, Arizona, which has an unusually dry, hot climate.

Each of the four State highway agencies responsible for the areas named has successfully
developed standardization of design and effective operating and maintenance procedures; however,
their designs are markedly different for a number of reasons. Other factors besides climate appear to
have a stronger influence. The different designs are:

Michigan (Detroit): Complete dependence is placed on electrical power for multiple vertical
pumps in a wet-pit type station. The pumps are set in a circular structure (caisson) which is
sunk into the side slope of the depressed section. Soils are favorable for this type of
construction.

.  

California (Los Angeles): Stations are the dry-pit type with emphasis on storage upstream,
which minimizes mechanical and electrical requirements. Complete dependence is placed on
electrical power, but mobile emergency generators are strategically located so that they can be
moved to any station where a power outage occurs.

b.  

Texas (Houston): A wet-pit caisson-type station is used because of soil conditions. Thec.  



structure houses two vertical pumps only, with combination electric or natural gas engine drive.
Station capacities have been standardized in increments of 4,000 gpm, while the dual power
source protects against electrical power outage caused by thunderstorms.

Arizona (Phoenix): A rectangular or circular wet-pit structure is used with two or more vertical
pumps. Natural gas engines are used, usually fueled by LPG stored at the station. This solution
is highly reliable in thunderstorm areas, since it is not vulnerable to power outages.

d.  

The Michigan and California types of station can maintain the inside temperature above freezing
better than the Texas and Arizona types, because they are easier to insulate and heat. The latter
types require more wall openings, louvers and ducts to serve engine requirements; however, there
does not appear to be any reason for climate alone to disqualify any of the various designs from use
in any other area, if proper construction features are included.

The Los Angeles County Flood Control District also provided a valuable data base. The District
operates about 30 stations, some of which are completely electric, while others depend on a
combination of electric motors and natural gas engines. The District's newest stations depend
principally on natural gas engines for pumping major flows, with electric power for low flows only, to
reduce electrical stand-by charges. Appendix E - Energy Economics, discusses this subject in some
detail.

The Hydraulic Institute, the manufacturers of pumps and pumping equipment, and various experts in
the design of stations were valuable sources of data in the preparation of this Manual.

This Manual contains illustrations of eight different types of stations. In addition to photographs of
actual construction, various figures have been prepared by simplifying engineering drawings. The
benefits of advancing pump technology are explained.

1-C Selection of Type of Station and Equipment

One question frequently asked is what type of station is best suited to a particular set of conditions.
The answer is that there are various types of stations and equipment that will suit any given site and
set of conditions. The problem is to select one of the several designs that is most suitable to meet the
criteria established, while avoiding those that are less suitable.

A matrix has been developed displaying the various types of stations with their alternates and
sub-alternates. This compares each type with the requirements of the site, as well as operating and
maintenance functions. A careful and logical comparison of detailed functions and operating
conditions with the capabilities of the various station combinations is essential for a satisfactory
selection of station type.

1-D Plans and Specifications

It is emphasized that there is usually some considerable complexity in plans and specifications for a
pumping station, due to the various engineering disciplines involved. These range from soils and
foundation engineering, through civil, hydraulic, structural, electrical and mechanical aspects, as well
as architectural and building construction input. Considerations also include operational safety and
compliance with current OSHA requirements. Construction features should follow all applicable
building codes and in many cases State standard specifications for highway and bridge construction
will be found suitable to cover much of the general construction included in a pumping station. Data



and details illustrated in this Manual may be used or adapted, and Appendix D - Specifications, is
intended as a guide both for the adaptation of standard specifications and for specifying mechanical
and electrical work.

1-E Operation and Maintenance
Because adequate maintenance is essential, it is discussed in Appendix G - Maintenance
Management, particularly in regard to the effect that design features have on maintenance. Design
should facilitate and reduce the cost of operation and maintenance without adding unduly to
construction costs, and should minimize possibilities of malfunctions and stations becoming
inoperable. Good hydraulic conditions and good provisions for removal of trash and silt are most
important.

Guide material on telemetering is also included in the text; this can be used to provide supervisory
control of stations from a central point. However, highway patrol officers can observe alarm signal
lights on stations and this is often considered to be a sufficient warning system to protect against
flooding should a malfunction occur.

1-F Construction Costs

Information on construction costs of pump stations has also been included in Appendix C -
Construction Costs. This information is based on actual bid data for a project in the Los Angeles area,
where prices as bid were accepted and a contract was awarded in January 1978. Later data from the
same locality is also included. The user must adjust the information as necessary by using
professional judgement or available construction cost indexes.

1-G Metric Conversion

The text in this Manual has been written entirely in conventional United States units -- feet, inches,
gallons, etc. These units are still the accepted standard in all U.S. manufacturers' literature.

The table of conversion factors permits conversion from U.S. or imperial units to metric or vice versa.

For example:
3.281 ft.

1 ft.
= 1 meter
= 0.3048 meters

For brevity and convenience, these are combined in the table as:
3.281 ft. 1 m 0.3048

Metric Conversion Factors
Unit         U.S.   Metric

Length 0.6214 miles
3.281 ft
1.094 yds
0.03937 in

1
1
1
1

km 1.609
m 0.3048
m 0.9144
mm 25.40



Area 10.764 ft2

1.196 yd2

0.3861 sq mi
2.471 acres

1
1
1
1

m2 0.09290
m2 0.8361
km2 2.590
ha 0.4047

Volume 35.315 ft3

1.308 yd3
1
1

m3 0.02832
m3 0.7646

Capacity 0.220 Imperial Gallons
0.2642 U.S. Gallons

1
1

litres 4.546
litres 3.785

Velocity 3.281 ft/sec
196.8 ft/min

1
1

m/sec 0.3048
m/sec 0.0051

Mass 0.9842 ton
2.205 lb
0.0353 oz.

1 tonne 1.016
kg 0.4536
g 28.3495

Mass/Unit Area 0.014 lb/in2 1 kg/m2 703
Rate of Flow
or Discharge

15.85 US gal/min
35.31 cusec
4.414 US gal/min
264.20 US gal/day

1
1
1
1

litres/sec 0.0757
cumec 0.0283
m3/h 0.272
m3/day 0.0045

Density 0.06243 lb ft3 1 kg/m3 16.02
Pressure or Stress 0.145 x 10-3 lb/in2 1 N/m2 6894.76
Power or Energy 1.341 hp 1 kW 0.7457
Temperature 1.8 deg F 1 deg C 0.555

Go to Chapter 2



Foreword : FHWA IP-82-17
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This manual provides design information for highway storm water pumping stations.  Pumping
stations are necessary where gravity drainage flow is impossible or uneconomic.  The manual
should be interest ti hydraulic, construction, and maintenance engineers.

State highway agencies, and the Los Angeles County Flood Control District provided valuable
data for this manual and cooperated in on-site field reviews.   The Hydraulic Institute, numerous
manufacturers of pumps and pumping equipment, and several experts in the design of stations
also provide data and assistance in this study.   The assistance of all parties who contributed to
this manual is sincerely appreciated.

Additional copies of the manual can be purchased from the Superintendent of Documents, U.S.
Government Printing Office, Washington, D.C. 20402. (In 1999, only available from NTIS)

                                                                                                    R.J. Betsold
                                                                                                    Director, Office of
Implementation
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Notice : FHWA IP-82-17
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This document is disseminated under the sponsorship of the Department of Transportation in
the interest of information exchange.  The United States Government assumes no liability for its
contents or use thereof.

The contents of this report reflect the views of the authors who are responsible for the facts and
the accuracy of the data presented herein.  The contents do not necessarily reflect the official
policy of the Department of Transportation.

This report does not constitute a standard or regulation.

The United States Government does not endorse products or manufacturers.  Trade or
manufacturers' names appear herein only because they are considered essential to the object
of this document.
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